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NUMERICAL INDEX 


; (Functions and Characteristics) 
Voc = 5.0 V, Ta = 25°C 































































































Output Ty 
Type Loading 
‘ Factor f 
as Each Output Propagation Power 
Case Case Scr eee Delay Dissipation 
. 609, 93 609 MC400 | MC500 tod mW Page 
Function 0 to +75°C | —55 to +1259C| Series | Series ns typ typ/pkg No. 
7. 
Dual 4-Input NAND Gate Hi MC400 MC500 12 15 ab an Baa 
MC450 MC550 6 7 allt 
| Expandable 4-Wide 2-2-2-3-Input mc401 MC501 12 15 as bh 
AND-OR-INVERT Gate MC451 a MC551 6 | 7 & | 
Single 8-Input NAND Gate MC402 MC502 12 15 re 16 [ 
MC452 MC552 6 7 4-10 
2-Wide 3-Input AND-OR-INVERT | MC403 MC503 12 15 i tae (a5 
Gate with Gated Complement MC453 MC553. 6 7 
+ 
Expandable 3-Wide 3-Input MC404 MC504 12 15 _ ie 
AND-OR-INVERT Gate MC454 MC554 6 7 4-20 
Expandable 2-Wide 4-Input MC405 mesos | 12 15 43 - 1 
AND-OR-INVERT Gate MC455 MC555 6 7 4-16 
Expandable 8-input NAND Gate MC406 MC506 12 \ 15 18 ; 15 412 
MC456 MC556 6 7 z 
sae | | | 
Line Dri Mc407 MC507 12 15 25@ ' 
eee MC457 L mess7_— | 6 7 1000 pF Load 60 450 
Quad 2-Input NAND Gate MC408 MC508 12 15 
MC458 MC558 6 7 10 60 4-22 
4-Wide 3-2-2-3 Input Expander MC409 | mcs09 12 15 _ 
for AND-OR-INVERT Gates MC459 MC559 6 ak: me 4-48 
oo 4 
Dual 4-Input Expander MC410 MC510 12 15 : 
for AND-OR-INVERT Gates MC460 MC560 6 7 - 7 4-46 |, 
Dual 4-Input Expander MC411 MC511 12 15 a 
for NAND Gates MC461 MC561 6 7 | S = 4-44 
bees 
Triple 3-Input NAND Gate MC412 MC512_— 12 15 
MC462 MC562 6 7 10 45 418 
RS Flip-Flop MC413 MC513 12 15 : 
L MC463 MC563 6 7 ta 20:MHe 30 4-42 
AND J-K Flip-Flop MC415 MC515 12 15 |. _ 
MC465 meses | 6 7 f= 20 MHz 40 4-32 
i : 
OR J-K Flip-Flop MC416 MC516 12 r 15 £ 
MC466 MC566 6 7 flees 50 437 
Expandable Dual 2-Wide MC420 mcs520. «| 12 15 a3 
2-Input AND-OR-INVERT Gate Mc470 MC570 6 7 af 40 id 
ous be 





LOGIC DIAGRAMS MTTL MC500/400 series 





GATES 



























MC400/Mc450 
MC500/MC550 
Dual 4-Input NAND Gate 


MC401/MC451 
MC501/MC551 


Expandable 4-Wide 2-2-2-3 input 
AND-OR-INVERT Gate 


14 : 
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2 

3 

11 

5 

: 6 
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Emitter 13 

Collector 12 - 


11= (1401) + (23) + (5°6) + (7°B*9) +... 


MC403/MC453 
MC503/MC553 


2-Wide 3-Input AND-OR-INVERT 
Gate with Gated Complement 
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ONO WNW 
= 
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12=1°2*3¢13 







tpg = 10 ns typ 
Pp = 30 mW typ/pkg 
MC402/MC452 
MC502/MC552_—iy. 
Single 8-Input NAND Gate 









12 = 11°13 614 
17=(1+2°3) + (5°6 








*7) 





12=T2°3+5+6e7+9e1d 
ted = 12 ns typ 
Pp = 15 mW typ/pkg 









tod = 12 ns typ 
Pp = 30 mW typ/pkg 


tog = 11 ns typ 
Pp = 35 mW typ/pkg 






















MC404/MC454 MC405/MC455 MC406/MC456 
MC504/MC554 MC505/MC555 MC506/MC556 
Expandable 3-Wide 3-Input Expandable 2-Wide 4-Input Expandable 8-Input NAND Gate 


AND-OR-INVERT Gate AND-OR-INVERT Gate 


14 
1 
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3 
12 
5 
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7 
, 8 
Emitter 13 
Collector 9 


=(14 142 ¢3)+(5°6 +7 © B)+.., 
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Base 9 \ 
Collector 13 


12=1 "3 +5 +7 ¢B8 +146. 







Collector 13 
Emitter 14 













12 = (10203) +(5*607)+ (Be9e11)+ .,. 























tod = 18 ns typ 
-Pp = 15 mW typ/pkg 
MC420/MC470 
MC520/MC570 
Expandable Dual 2-Wide 2-Input 
AND-OR-INVERT Gate 










‘od = 12nstyp 
Pp = 25 mW typ/pkg 


MC408/MC458 
MC508/MC558 


Quad 2-Input NAND Gate 


tpd = 12 ns typ 
Pp = 20 mW typ/pkg 


MC412/MC462 
MC512/MC562 


Triple 3-Input NAND Gate 
















14 
2 1 
5 2 ca 
. 6 13 = (14) + (2S) 
8 7 5 
W 8 
9 ti 6 
12 12 
1 1 
Emitter 7 
5=1¢2¢3 Collector 8 
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* 6)+(9 + 11) 4+, 
we =12nstyp 
Pp = 40 mW typ/pkg 






tod = 10 ns typ 
Pp = 60 mW typ/pkg 


tpd = 10 ns typ 
Pp = 45 mW typ/pkg 





LOGIC DIAGRAMS (continued) 


EXPANDERS 


MC409/MC459 MC410/MC460 MC411/MC461 
MC509/MC559 MC510/MC560 MC511/MC561 


4-Wide 3-2-2-3 Input Expander Dual 4-Input Expander Dual 4-Input Expander 
for AND-OR-INVERT Gates | for AND-OR-INVERT Gates for NAND Gates 





MC407/MC457 
MC507/MC557 


Dual 4-Input 
Line Driver 


= 
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Collector Collector 
_‘ 12 =k 12 
—‘i3 —S13 


Emitter Emitter 
Emitter Emitter 
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3 
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eon 
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Collector 11 





12=1°¢2¢3¢13 
Collector Collector 


OOn ON WN HbW 


tod = 25 nstyp 
@ 1000 pF Load 
Pp = 60 mW typ/pkg 





FLIP-FLOPS 


MC413/MC463 MC415/MC465 MC416/MC466 
MC513/MC563 MC515/MC565 MC516/MC566 


R-S Flip-Flop AND J-K Flip-Flop OR J-K Flip-Flop 


= 
> 


Where R = R,¢ Roe Rg 
5 =51¢S82¢S3 


X = Don't Care 
Where J = Jz ° Jo 


Where J = Jy ° Jo * J3 Pras 


K= Kye KoeKs M=Mq*Mo 


-+00-+00/5| 
-o+0-0-0(9| 
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#= 20 MHz f= 20 MHz 
Pp = 40 mw Pp = 50 mW 
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INTRODUCTION FIGURE 1 — TYPICAL MTTL CIRCUIT 


MTTL transistor-transistor logic is a medium speed, 
high-noise-immunity family of saturating integrated logic 
circuits. 


The circuits in the MTTL family are identified by a 
multiple emitter input transistor and an active “pull-up” 
in the upper output network as shown in Figure 1. 


The multiple emitter input configuration offers the max- 
imum amount of logic capability in the minimum physical 
‘area and provides improved switching characteristics during 
turnoff. Clamp diodes are provided at each of the inputs 
to limit undershoot that occurs in typical system applica- 
tions such as driving long interconnect wiring. The active 
pull-up output configuration provides low impedance in 
the high output state. The resulting low impedances in 
both states provide excellent ac noise immunity and allow 
high-speed operation while driving large capacitive loads. 





MAXIMUM RATINGS 


Supply Voltage — Continuous MC500 Series +8.0 
MC400 Series +7.0 


Supply Operating Voltage Range 4.5 to 6.0 








Input Voltage +5.5 





Output Voltage +5.5 





Operating Temperature Range MC500 Series -§5 to +125 
MC400 Series 0 to +75 


Storage Temperature Range Fiat Package -65 to +200 
Plastic Package -55 to +125 











Maximum Junction Temperature 
MC500/550 Series +175 
MC400/450 Series +150 








Thermal Resistance - Junction To Case (8 yc) 
Ceramic Flat Package 0.09 
Plastic Dual-In-Line 0.15 


Thermal Resistance - Junction To Ambient (4 ya) 
Ceramic Flat Package 
Plastic Dual-In-Line 
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TYPICAL CHARACTERISTICS 


BREADBOARDING SUGGESTIONS 


When breadboarding with any form of high-speed, high-per- 
formance TTL, the designer must continually be aware of the fact 
that he is working with the fastest form of saturating logic avail- 
able in the industry today. The switching speeds, especially the 
frequencies associated with the very fast rise and fall times of the 
circuits, are in the RF range and good high-frequency layout tech- 
niques should be used. The following breadboarding suggestions 
have been included to help the designer in his initial circuit layout. 
In many cases the breadboarding suggestions will have to be mod- 
ified to meet the requirements of the designer's specific application. 


Power and Ground Distribution 


Special care should be taken to insure adequate distribution of 
power and ground systems. The typical rate of change of currents 
and voltages for a single MTTL_ gate is in the range of 107 Als 
and 108 V/s respectively. These figures reflect the necessity for a 
low-impedance power supply and ground distribution system, if 
transients are to be minimized and noise margins maintained. The 
use of AWG No. 20 wire or larger is often required. For printed 
circuitry, line widths of 100 mils or more are often necessary. A 
ground plane is desirable when using a large number of units. 


Bypassing 

To reduce supply transients, the breadboard should be bypassed 
at the point where power is supplied to the board and at intervals 
throughout the board. The use of a single bypass capacitor at the 
output terminal of the power supply is not adequate in a bread- 
board utilizing the fast rise and fall time MTTL circuits. A com- 
paratively large, low-inductance type capacitor (in the 1.0 nF range) 
is suggested at the point where power and ground enter the board. 
In many cases it has been found that distributing 0.01 uF capaci- 
tors for every eight packages throughout a breadboard is adequate 
to supress normal switching transients. It is also suggested that a 
bypass capacitor be placed in close proximity to any circuit driving 
a large capacitive load. 








‘Power Dissipation 


The standard supply voltage of the MTTL_ logic circuits is 
+5.0 Vdc.The typical average dc power dissipation is given for each 
MTTL  circuit.(2) It should be noted that the totem pole output 
common to all high level MTTL circuits has an associated ac power 
dissipation factor. This factor results from the timing overlap of 
the upper and lower output transistors during the normal switching 
operation and is typically 0.35 mW/MHz/output for a 15 pF load. 
This ac power dissipation should be added when calculating the 
total power requirements of the MTTL circuits. 


Unused Inputs and Unused Gates 


The unused inputs of any, MTTL logic circuit should not be 
left open, and can either bé tied to the used inputs or returned to 
the supply voltage. This will reduce any potential probiems result- 
ing from external noise. If the inputs are returned to the supply 
voltage, care should be taken to insure that the supply voltage does 
not exceed the.maximum rated input voltage of 5.5 volts. If the 
supply can exceed 5.5 volts, the unused inputs must be returned 
to a lower voltage. The total number of inputs that can be tied to 
the output of any driving gate is 50. (This is defined as high state 
output loading factor.) It.should be noted that the low state out- 
put loading rules must still be maintained. The minimum logical 
“1 level for the high state output loading is summarized for Voc 
= 5.0 V, Vi_ = 0.45 V and’ 1QH= —5-0 mA: 


MC500/550 Series — VOH = 2.8 volts minimum @ —55°C 
MC400/450 Series — Vou= = 3.0 volts minimum @ 0°C 


The unused inputs of the: various flip-flops may be tied back to 
their associated. outputs. To determine which outputs are related 
to each set of inputs by internal feedback, refer to the circuit 
schematics. 

The inputs of any unused gate in a package should be grounded. 
This places the gate in its lowest power condition and will help to 
eliminate unnecessary power drain. 





Expanders and Expander Nodes 


The ORing nodes of all the MTTL AND-OR-INVERT gates 
are made available for expanding the number of AND gates to 10. 
Since these are comparatively high-impedance nodes, care should 
be taken to minimize capacitive loading on the expander terminals 
if switching speed is to be maintained. When an expander is to be 
used with an expandable AND-OR-INVERT gate, it should be 
placed as close as possible to the gate being expanded. The increase 
in the average propagation delay per AND gate added. to an expand- 
able AND-OR-INVERT gate is typically 1.0 ns/AND gate. The in- 
crease in average propagation delay as a function of capacitance 
added to the expander nodes is typically 1.0 ns/pF. 


Output OR (AND) Function 


Unlike the. MDTL family of logic circuits, the outputs of the 
MTTL logic circuits cannot be tied together to perform the output 
OR, or more correctly, the output AND function. If the outputs of 
the .MTTL family devices are tied together, it would be possible 
for the lower output transistor of one circuit and the upper output 
transistor of another circuit to be “on’’ simultaneously. This con- 
dition provides a low-impedance path from Vcc to ground and the 
current that flows (approximately Isc) exceeds the guaranteed sink 
current. As a result, the saturated state cannot be maintained and 
the desired logic function is not satisfied. 


Operating Characteristics of Flip-Flops 

The -general operating characteristics and restrictions for the 
MC515/MC516 series J-K flip-flops are as follows: 

The clocked inputs are inhibited when the clock is in the low 
state, and data should be applied and allowed to settle. The clocked 
inputs are enabled: when the. clock goes high and data enters the 
flip-flop. The data is temporarily stored in the charge-storage sec- 
tion (temporary memory) while the clock is in the high state. This 
data is transferred to the bistable section on the negative clock 
transition. 

The data on the clocked inputs should not be changed while the 
clock is in the high state. Data changes during this clock condition 
require 300 ns settling time. 

The direct SET, PRESET, and RESET inputs do not directly 
affect the charge-storage section and therefore should not be used 
while the clock is high. On the negative transition of the clock, 
previously stored data may override the asynchronous set output 
state. Further, the direct SET, PRESET, and RESET inputs do not 
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override the clock and will not control the state of the flip-flop 
until 120 ns after the negative transition of the clock. The clock sig- 
nal must conform to the following boundary conditions at +125°C, 


Maximum guaranteed clock frequency = 20 MHz 
Maximum clock fall time = 150 ns 


Minimum clock pulse width = 20ns 
Minimum clock pulse amplitude =18V 
Maximum: negative clock voltage =-05V 


Note: These boundary conditions for operation are not defined as 
occuring simultaneously. : 

The transfer of data from the charge storage section to the bi- 
stable section is essentially an ac operation and thus results in the 
restriction of the clock fall time, If the clock fall time is greater 
than 150 ns, the information retained in the charge-storage section 
may not be transferred to the bistable section. The flip-flop will 
Operate from very low frequencies to 20 MHz as long as the clock 
fall time is less than or equal to 150: ns. 

Large negative clock excursions may cause incorrect data trans- 
fers to the bistable section during the transfer cycles. Therefore, 
the most negative clock signal should be limited to —O.5 volt. 


ce SSeeeNB 
(the switching characteristics of the MTTL family are defined 
with respect to the associated transitions of the voltage waveforms. 
The average propagation delay is defined as the average of the turn- 
on delay and the turn-off delay measured from the.1.5 V point of 
the input to the 1.5 V point of the associated output transition or: 


ton + toff 
t, —— ns. 
‘pd 2 ; 


Rise time is defined as the positive going transition of the output 
from the 1.0 V to the 2.0 V level, Fall time is defined as the nega- 
tive transition of the output from the 2.0 V to the 1.0 V level. 
(2) iF +1 

Pp Ppt POH (Veg) 
where Ipp and Ippx, are the typical de current drains at Vcc = 
+5.0 V. 


































































































* 
MC400/450 and MC500/550 MTTL* series integrated circuits are electrically interchangeable with SUHL It series logic circuits. 
i —y 
SG —55 to +125°C 0 to +75°C 
SF 
NUMBERS Description Fan-Out = 15 Fan-Out=7 Fan-Out = 12 Fan-Out = 6 
$G40-43 Dual 4-Input NAND Gate MC500 MC550 MCc400 MC450 
Expandable 2-Wide 2-2-2-3-Inpyt_, 
$G50-53 AND-ORANVERT Gate ™MC501 MC551 MC401 MC451 
SG60-63 Single 8-Input NAND Gate MC502 MC552 MC402 MC452 
2-Wide 3-Input AND-OR-INVERT Gate 
$G90-93 with‘Gated Complement « MC503 MC553 MC403 
dable 3-Wide 3-Input 
$G100-103 BNO ORVERT Gon mc504 MC554 
Expandable 2-Wide 4-Input 
SG1 pha 13 AND-OR-INVERT Gate MCS05 MC555 
$G120-123 Expandable 8-Input NAND Gate MC506 MC556 
[—s¢130-133 Line Driver MC507 MC557 
$G140-143 Quad 2-Input NAND Gate MC508 MC558 
4-Wide 3-2-2-3-Input Expander for 
SS 1EO.ISS AND-OR-INVERT Gates Mesce Meese 
* Dual 4-Input Expander for 
BGTTG 173 AND-OR-INVERT Gates MC510 MC560 
$G180-183 Dual 4-Input Expander for NAND Gates MC511 MC561 
$G190-193 “Triple 3-Input NAND Gate MC512 MC562 
SF10-13 R-S Flip-Flop MC513 MC563 
SF50-53 AND J-K Flip-Flop MCS15 MC565, 
SF60-63 OR J-K Flip-Flop MC516 MCS566 
Expandable Dual 2-Wide 
8670-73 2-Input AND-OR-INVERT Gate Mcs20 Mcs70 





*Trademark of Motorola Inc. 





tTrademark of Sylvania Electric Products, Inc. 
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SINGLE 8-INPUT “NAND” GATE MTTL MC500/400 series 


MC502 - MC552 





MC402 - MC452 


This device is an 8-input NAND gate. It is useful 
when processing a large number of variables, such as 
in encoders or decoders. 





= 


ONOMNWN=w 
= 
N 


Positive Logic: 
12=1Te2eZebeGe7eQeig 
Negative, Logic: 
12=T+243+5+6+7+9F19 


WONAGCWON= 


= 


Total Power Dissipation = 15 mw typ/pkg 
Propagation Delay Time = 12 ns typ 


















INPUT LOADING FACTOR (tp) OUTPUT DRIVE (lot) TEMPERATURE RANGE 





SERIES 























ccusamay [Meee See” Oma Tasco a2250¢ 
semar [3 Meweaiecen "fom | oe zenc 
SWITCHING TIME TEST CIRCUITS VOLTAGE WAVEFORMS AND DEFINITIONS 


MC511 OR 
EQUIV 


1N3605 OR 





Rg = 50 ohms *MC500 — 2600 
Cy = the total parasitic capacitance which includes MC550 — 5702 

probe, wiring, and load capacitances. MC400 — 3302 
Scope rise time < 1.0 ns MC450 — 6602 
Probe capacitance < 5.0 pF 
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TEST CONDITIONS 


reat | "|| % [Yo 
[1.0] 0.45] 2.8 
}1.0[ 0.45] 2.8 


0°C| 20 | 10 |-1.2]-0.6|1.0] 0.45] 3.0 
MC402", MC452 5 +25°C] 20 | 10 [-1.2|-0.6|1.0] 0.45] 3.0 
¥ «t. 3 











ELECTRICAL CHARACTERISTICS 1 


Test procedures are shown for only one in- 
put of the gate. To complete testing, se- 
quence through remaining inputs in the 
same manner. 





ONOTWN-W 


Temperature ete 
[-1.5] 


MC502*, MC552 





























MC502, MC552 Test Limits 
—55°C | +25°C +125°C 
Characteristic Min | Max | Min | Max 


Input 
Forward Current -1,66 -1,66 mAdc 


Leakage Current fad ate 























Inverse Beta Current 


Breakdown Voltage BV, 
BVin oe. 


Output 
Output Voltage 





Vout "0" 


a sa 


als ed al ala 
Short-Circuit 12 | -10 -45 
Current 














Output Voltage 





Power Requirements 


(Total Device) 
Maximum Power 


Supply Current 





Switching Parameters 
Turn-On Delay 


Turn-Off Delay 











Rise Time 

















Fall Time 





*Prime Fan-Out. 





(panunues) ZGYOW “ZOVOIN/ZSGOW ‘ZOSOIN 


EXPANDABLE 8-INPUT MTTL MC500/400 series 
“NAND” GATE 


MC506 - MC556 
MC406 - MC456 





This device consists of an 8-input AND gate driving 
an output inverter. The base and the collector of the 
multiple emitter input transistor are available as ex- 
pander terminals. The number of inputs can be expand- 
ed to 20 by using the MC511 series expanders. Care 
should be taken to minimize the amount of capaci- 
tance on the expander terminals in order to maintain 
switching speeds. 


12 


QNOCWN=h 


Base 9 
Collector 43 


Positive Logic: 
12=1¢2¢3¢5¢6*7¢8 214 Expanders 


APOVOMWN= 


= 


Negative Logic: : 
12=174+2+3+5+6+7+8+ 14+ Expanders 


Total Power Dissipation = 15 mW typ/pkg 
Propagation Delay Time = 18 ns typ 










| SERIES | INPUT LOADING FACTOR (ip) OUTPUT DRIVE (lo) TEMPERATURE RANGE 
MCSO6 15 MCS5OO series Gates (20 mA) oO. 0, 
Mc406 12 MC400 series Gates (20 mA) ° ° 
MC456 1 (=1.66 mA) | 6 Mca00 series Gates (10 mA) OO ke TIS Y 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 








+3.0 V 
ov | = MC511 OR 





PRF = 1.0 MHz typ : 1N3605 OR 


Pw = 200 ns 
tp = 5.0 ns 
tp = 5.0 ns 


NOTES: 
Rg = 50 ohms . 
Cry = the total parasitic capacitance which includes *MC506 — 2602 
probe, wiring, and load capacitances. MC556 — 5700 
Scope rise time < 1.0 ns MC406 — 3302 
Probe capacitance < 5.0 pF MC456 — 6600 
Expander pins should be left open when 
measuring switching times. 
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ELECTRICAL CHARACTERISTICS 1 


Test procedures are shown for only one in- 
put of the gate. The other inputs are tested 
in the same manner. 


@ Test 


Temperature ee 


—55°C{ 20 | 10 |-1.5|-0.7]1.0 


TEST CONDITIONS 








4 
1 
2 
3 
5 
6 
7 
8 
9 
3 


Base 
Collector 1 









MC506", mes | +25°C{ 20 | 10 [-1.5 pettes 7(1.0 
+125°C{ 20 | 10 |-1.5]-0.7[1.0| 





orc 10 |-1.2/-0.6]1.0 
10 see 


MC406*, MC456 | +25°C 


+75°¢| 20 [10 [.a]-0.6f1.0] 0.05] 




















Pin MC506, MC556 Test Limits MC406, MC456 Test Limits 
Under Fi hoa +25°C [| +125°C orc 
Characteristic Symbol | Test | Min Fi hoa Min] Max | Min] Max | Min | Max | Min] Max | Min | Max] 
SS 
Forward Current -1. 33 |-1. 66] mAde 














ei 8 a i Ue a a 


2,3,5,6,7, 
8,10,14 


Sle CH OC a So al a 
iia at cc lc 
i res 


Output 

= Soren 
ae ee ee Re ee 
Leakage Current pAdc a 


Short-Circuit -45 | -10 mAdc 
Current 


ee ee ee ee bee 
ee esaal 


Power Requirements feel 


(Total Device) 
BL oo 
ia 
|_Pulse In_| 
a 
Eee alies 
aa 
ES 










nN 
a 


” 
° 


elel ox — 
3 
z 
8 








Maximum Power 
Supply Current 


Tact 
PAE 
eae 
oa 





Switching Parameters 
Turn-On Delay. 


a 
ie 
: 
ial 
= 
me 














* Prime Fan-Out. 


+ Add 3.0 ns for each AND expander (1/2 MC511, MC561, MC411, and MC461) used. 
Add 2.0 ns toa for each pF added to either expander points. 
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DUAL 4-INPUT “NAND” GATE MTTL MC500/400 series 


MC500 - MC550 
MC400 - MC450 





This device consists of two 4-input NAND gates. 
The gates can be cross-coupled to form a multiple- 
input R-S flip-flop or a circuit for eliminating contact 
bounce. - 


= 


ONO WNW 
= = 
= i) 


* Positive Logic: 
12=Te2e3ei3 
Negative Logic: 
12=T+ 243413 


Total Power Dissipation = 30 mW typ/pkg 
Propagation Delay Time = 10 ns typ 
















INPUT LOADING FACTOR 





(te) OUTPUT DRIVE (lov) 


15 MC50O0O series Gates (20 mA) 
MCS5OO series Gates (10 mA) 


MC400 series Gates (20 mA) 
MC400 series Gates (10 mA} 


TEMPERATURE RANGE 














—55°C.to +125°C 













0° to. +75°C 





SWITCHING TIME TEST CIRCUIT : VOLTAGE WAVEFORMS AND DEFINITIONS 


43.0 V 
ov J l 3 MC511 OR 


EQUIV 


1N3605 OR 


PRF = 1.0 MHz typ EQUIV 


PW = 200:ns 
tp = 5.0 ns 
te = 5.0 ns 





TPout - 


NOTES: ‘ 

Rg = 50 ohms : *MC500 — 2600 

Cry = the total parasitic capacitance which includes McC550 — 5702 
probe, wiring and load capacitances. ‘ MC400 — 3300 

Scope rise time < 1.0 ns MC450 — 6600 

Probe capacitance < 5.0 pF : 

Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gate is tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 


Pin MC500, MC550 Test Limits MC400, MC450 Test Limits 
Under | —55°C +25°C | +125°C orc +25°C. | sive 
Characteristic Symbol | Test | Min | Max | Min| Max | Min| Max | Min | Max | Min] Max Min | Max | 
La Eee ee See 
Forward Current 1.33 1.33 1.33 1. 66 1. 66] mAde 


Se 
rb Paseo Pei SC 






TEST CONDITIONS 


= 


ONO WNW 
= 








Volts 
= a 














Vena Vino 































/ VOLTAGE pREUED 
Va | V 


h 1H 




















































Breakdown Voltage fee oe fom ae 


[Po 

0 

sea sotcecerecirers Pe) ale) 
Oi 


Leakage Current lotk 12 pAde 1 Ln »2,3, 
10, 13 

Short-Circuit 12 -10 -10 ~45 -45 |-10 | -45 mAdc 1,2,3, 

Current 10, ‘2, EES 


on Vag ma Cl 7 TS VC 
ee ee eee eee se aed 


Power Requirements E 
(Total Device) 
Maximum Power 10 mAdc 1,5,10 
Supply Current 
eT Rel = [PL [oem ue 


Switching Parameters 
Turn-On Delay 1,12 ca 2,3,13 


ST Bs 
Renee fee] ea feet eee ee] fee a eee 
poem ee ee pe ea = ete Peet eee ee et ef eed 


* Prime Fan-Out. 
} Ground inputs to gates not under test during ALL tests, unless otherwise noted. 
t The inputs of all gates must be ungrounded. 





































































E 
n 
& 
et 
oo 















(panunucs) QGYOW ‘OOPOIN/OSSOW ‘OOSOIN 


EXPANDABLE 2-WIDE 4-INPUT MTTL MC500/400 series 
“AND-OR-INVERT” GATE 


MC505 - MC555 
MC405 - MC455 





This device consists of two 4-input AND gates ORed 
together and driving an output inverter. The ORing 
nodes are available for expansion and up to 10 AND 
gates can be ORed together using the MC509 or MC510 
series expanders, Care should be taken to minimize 
the amount of capacitance on the expander terminals 
in order to maintain switching speeds 


14 
1 
2 
3 
12 
5 
6 
7 
8 
Emitter 13 
Collector 9 


Positive Logic: 
12=(10¢2°3014)+(5°6°8 7 © 8) + (Expanders) 
Negative Logic: 
12=(1+2+3414) ¢(5+6+7+8) © (Expanders) 


Total Power Dissipation = 20 mW typ/pkg 
Propagation Delay Time = 12 ns typ 













| SERIES _[INPUT LOADING FACTOR (Ip) OUTPUT DRIVE (lov) TEMPERATURE RANGE 
MC50S - 15 MCSOO series Gates (20 mA) _650 ° 
MC555 1 {-1.33 mA) | > Mc500 series Gates (10 mA) BEng tet t2e7¢ 
Mc400 2. 12 MC4O0 series Gates (20 mA) o 0°, 
Mc450 y {(-1.66 mA) | & Mc400 series Gates (10 mA) om te 47876 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


MC511 OR 
EQUIV 


= ‘ 1N3605 OR 

PRF = 1.0 MHz typ EQUIV 
PW = 200 ns 
ty = 5.0 ns 
tp = 5.0 ns 


TPout 


NOTES: 
Rg = 50 ohms *MC505 
Cr = the total parasitic capacitance which includes MC555 
probe, wiring, and load capacitances. MC405 
Scope rise time < 1.0 ns MC455 
Probe capacitance < 5.0 pF 
Expander pins should be left open when 
measuring switching times. 
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ELECTRICAL CHARACTERISTICS 14 TEST CONDITIONS 
Test procedures are shown for only one in- 2 12 

put of the device. To complete testing se- $ 

quence through remaining inputs in the emit 13 ee Test | tn | tow Vi | Vin 

same manner. : Temperature ae 


R out 

—55°C| 20 | }-1.5|-0.7 [1.0 0.45] 2.8 | 4.5 | 2.0] 1.0/5.5 

MC505*, ness | easel Beers 4.5 “| 1.7] 1.2[5.5 
+125°C] 20 | 10 [-1.5]-0.7]1.0] 0.45 | 2.8 1.4 | 0.9 [5.5 

°c} 20 | 10 |-1.2[-0.6]2.0] 0.45] 3.0 1ofiifs.5]s.of - | - 

MC405*, MC455 | +25°C Pets iat 0 3.0 1.8] 1.2[5.5 | 5.0| 7.0 | 3.0 
+75°C] 30 | 10 [.2|-0.6[1.0] 0.45 3.0 | 4.5 1ifs.5 | so] - | - 


Pin | __MC505, <a Test Limits ae MCA5S Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under | —55°C +125°C +25°C [| +75°C 
Characteristic | Symbol | Test | Min Sct Wirt Mow Min CaCaC aca catcs unit} lo | 'o Vi [Yn] Va [Yin [Yano] You Vox 


Input 
Peraard Current Ip 1 -1.33 -1.33 1,66 


le ee a 
ine ba SES UeCeCeoeoe 
aC Ed 


= in ea i ( 
Output 
pea Voltage pasts ron | 22 Vde 12 


















































El oF 
> > 
a/ 2 
aQ O° 















ee coce 
BS el pen ec Ce a 


Short-Circuit -10 -10 
Current 


Serer veel eee 


Power Requirements 
(Total Device) 
Maximum Power 10 
Supply Current 


Power Supply Drain poe | 7 

























Switching Parameters 
Turn-On Delay 


a 
paver eT 
a 


* Prime Fan-Out 
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TRIPLE 3-INPUT “NAND” GATE 


MTTL MC500/400 series 





MC512 - MC562 
MC412 - MC462 





This. device consists of a 3-input AND gate driving 
an output inverter. This gate can be used to build a 
pulse shaping network for interfacing with discrete 
component circuits. 


14 


ON= OND Wn= 
© 


saw 


Positive Logic: 5=1¢2¢3 
Negative Logic: 5=1+2+3 


Total Power Dissipation = 45 mW typ/pkg 
Propagation Delay Time = 10 ns typ 





OUTPUT DRIVE 


TEMPERATURE RANGE 





MC500 series Gates 


—55°C to +125°C 


MC500 series Gates 


MC400 series. Gates 
MC400 series Gates 


(20'mA) 


to) ro) 
(10 mA) 0° to +75°C 





SWITCHING TIME TEST CIRCUIT 


+3.0V 
aval 


= 1.0 MHz typ 
PW = 200 ns 

t, = 5.0 ns 

te = 5.0 ns 





TPout 


NOTES: 

Rg = 50 ohms 

Cy = the total! parasitic capacitance which includes 
probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 

Probe capacitance < 5.0 pF 

Ground inputs to all gates not under test. 





VOLTAGE WAVEFORMS AND DEFINITIONS 


MC511 OR 
EQUIV 


1N3605 OR 
EQUIV 


*MC512 — 2602 
MC562 — 5702 
MC412 — 3300 
MC462 — 6602 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 







TEST CONDITIONS 
Volts 


=_- @ Test 
Temperature as Vit Vin Vint Vino Vout Vee Veen Vinx 
=p _ ( -s5c[20 [10 [1.8[07rolow|ae}as|zoliolas[so] |.) 
MC512", MC562 ) +25°c| 20 | 10 [-1.5}-0.7[1.0]0.45[ 28 | 4.5 [1.7/1.2 [5.5 Pe 
, +125°C| 20 | 10 |-1.5|-0.7|1.0] 0.45] 2.8! 4.5 | 1.4 | 0.91 5.5 


WON= OND WH- 


aren 

















0°C| 20 | ee ee fees fuafurfse fol Po 
MC412*, MC462 5 +25°C ae 2|-0.6 0. 45 | 1.8|1.2/5.5.| 5.0[ 7.0 | 3.0 | 
+75°C =.2|-0.6[10[ 0.45 fiztfiaiss[so[ - [-_| 



















Pin |__MC512, MC362 Test Limits MC412, MC462 Test Limits aoe CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under} —55°C [| +25°C [| +125°C oc =| 425°C | +75°C 
Characteristic __| Symbol | Test [Min] Max| Min] Max [ Min] Max Min | Max [Min] Max[ Min] ax] Unit | lox | fon | 4m] Yu] Yin | Ya [¥inn|Yono] Your] Voc | Veen] Vix 
Be a eles fel bal felch Pe PEEP Td 
Forward Current 1.66 mAdc 


enero [te TL = fom Ym | am |= fa | ff 

seems fo = = fe] eee eat seta 
ag NS 2 
Ep cc Bi Fark a ea 2 cc Mn (aaa Wa Rs (ea a a 


Output 
cunt Voltage Vout " ngn 5 0.45 0.45 0.45 Vde 1 10 


Pee ae eae Hee ie ead Saf ppp} PP} pepe 
ee GCaecae cae We cc 


Short-Circuit aia ~10 a ae ee 3, 
Current ie 10 


Output Voltage Lat a re 


Power amet 
(Total Device) 
Maximum Power Tnax mAdc 1,6,10,11 
Supply Current 


Power Supply Drain ] 22.5[ made] - | 


peel pet EU Kea 

























jeans OF Pay ~s1ee 5 Ho a 
Ea eee tea ee Ee ed ed St eS eel oe ec fa eee ae 
Fe eae OE de re ea a OC 


* Prime Fan-Out }Ground inputs to gates not under test, during ALL tests unless otherwise noted. { The inputs to all gates must be ungrounded. 


Switching Te 
Turn-On Delay 1,5 
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EXPANDABLE 3-WIDE 3-INPUT 
“AND-OR-INVERT” GATE 


MTTL MC500/400 series 





MC504 - MC554 
MC404 - MC454 








[ series | INPUT LOADING FACTOR (p) OUTPUT DRIVE (low) 
MC504 a5 15 MCS5OO series Gates (20 mA) 
MC554 i (21,33 mA) 7 MCS5OO series Gates (10 mA) 
MC404 12 MC40O0 series Gates (20 mA) 0° to +75°C 
MC454 6 MC400 series Gates (10 mA) 






SWITCHING TIME TEST CIRCUIT 


ov MC500 


MCS550 
PREF = 1.0 MHz typ 
PW = 200 ns 


tp = 5.0 ns 
te = 5.0 ns 


NOTES: TPout- 

Rg = 50 ohms 

Cr = the total parasitic capacitance which includes 
probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 

Probe capacitance < 5.0 pF 

Expander pins should be left open when 
measuring switching times. 





This device consists of three 3-input AND gates 
ORed together driving an output inverter. The common 
ORing nodes are available for expansion, and up to 
10 AND gates can be ORed together using the MC509 
or the MC510 series expanders. Care should be taken 
to minimize the amount of capacitance on the ex- 
pander terminals in order to maintain switching 
speeds. 


1 
2 
3 
5 
6 12 
7 
8 
9 
1 
3 
4 


1 
Collector 1 
Emitter 1 


Positive Logic: 
12=(1°2¢3)4+(5¢6 7) +(8¢9 © 11) + (Expanders) 
Negative Logic: 
12=(142+3) © (546+ 7) © (8+9411) © (Expanders) 


Total Power Dissipation = 25 mW typ/pkg 
Propagation Delay Time = 12 ns typ 





TEMPERATURE RANGE 













—55°C to +125°C 






VOLTAGE WAVEFORMS AND DEFINITIONS 


MC511 OR 
EQUIV 


1N3605 OR 
EQUIV 








*MC504 — 2602 
MC554 — 5702 
MC404 — 3309 
MC454 — 6602 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one in- 


put of the device. To complete testing se- B 
quence through remaining inputs in the 8 “5 
same manner. U —55°C 
2 MC504", MC554 ) +25°C 
Cgiearer 12 +125°C 





@ Test 


MC404", MC454 ) +25°C 
+75°C 





MC404, MC454 Test Limits 















Characteristic 












Breakdown Voltage 





Output 
Output Voltage 


in 
BV, | 1 es) 
Vout "0" 12 - 
Vourvae | 22 [25 


Short-Circuit Ig 120 | -10 | -45 
Current 


Output Voltage 2 - 
Vou 12 | 2.8 











Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 


Power Supply Drain 


Switching Parameters 
Turn-On Delay 








Turn-Off Delay 






Rise Time t 


r 
Fall Time 


* Prime Fan-Out 








FB i 





ae : fe alia 
Vou 1 0.40} - | 0.40) - 





orc | +25°C | +75°C 
Min aa 











-10 | -45] -10 



































TEST CONDITIONS 








mA 





Volts 








No 





Temperature | Pr’ |.std | Pr* | Std | 


10 | -1. 





lon 


\, Vin Vin Vind Vino Vout Vee 












-0.7 














-0.7 






















id) 
0 
0 
0 
0 
3.0 | 4.5 | 1.7 iY 


A P58 15s 
‘AGE APPLIED TO PINS LISTED BELOW: 

























































































2,3,5,6,7, 
8,9,10,11 
5,6,7,8,95 
10,11 
5,6,7,8,9, 
10,11 
1,2,3,5,6, 


2859, 


10,11 
1,2,3,5,6, 
7,8,9,10, 
11,12 
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MC508 - MC558 
MC408 - MC458 





This device consists of four 2-input NAND gates. 
The four gates in a single package represent increased 
functional flexibility. For example, a dual set-reset flip- 
flop may be obtained if each pair of gates is externally 
cross-coupled. 


a 


= 
= 


an © O DAN = 
= 
os 


yy 


2 = 








Positive Logic: 1¢2 
Negative Logic: 3=1+2 





Total Power Dissipation = 60 mW typ/pkg 
Propagation Delay Time = 10 ns typ 















SERIES INPUT LOADING FACTOR (IF) OUTPUT DRIVE (lot) TEMPERATURE RANGE 























15 MCS5OO series Gates (20 mA) 
: (1.33 mA) | "> MC500 series Gates (10 ma) spare rot 12bee 
12 MC400 series Gates (20 mA) 
| (-1.66 mA) | & Mc400 series Gates (40 mA) On FOsEISCE 
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 





MC511.0R 





1N3605 OR 


TPout 





Rg = 50 ohms *MC508 — 2600 

Cry = the total parasitic capacitance which includes MC558 — 57002 
probe, wiring, and load capacitances. MC408 — 3302 

Scope rise time < 1.0 ns McC458 — 6600 

Probe capacitance < 5.0 pF 

Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in a similar 
manner. Further, test procedures are shown 
for only one input of the gate being tested. 
The other input is tested in the same man- 
ner. 





TEST CONDITIONS 
















Volts 


—55°C 
M4 MC508", MC558 { +25°C 





















-0.6)1.0/ 0.45) 3.0 1.9] 1.1/5.5 | 5.0 


eal iaeiiaon laren 

-0.6/1.0| 0.45] 3.0] 4.5 | 1.8] 1.2/5.5 | 5.0) 7.0 | 3.0 
| 
-1,2}-0.6/1.0] 0.45] 3.0 | 4.5 | 1.7} 1.1155.5 | 5.0] - - 


TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
Vi | Vin 




















MC408", MC458 { +25°C 




















MC408, MC458 Test Limits 
0°c +25°C | +75°C 















Characteristic 























Input 

Forward Current 

Leakage Current 
Inverse Beta Current 


Breakdown Voltage 


Output 
Output Voltage 




















Leakage Current 








Short-Circuit 
Current 














Output Voltage 


Power Requirements 


(Total Device) 
Maximum Power 


Supply Current 


Switching Parameters 
Turn-On Delay 




















Turn-Off Delay 











Rise Time 


cae PE FREE EEE RE SS 


* Prime Fan-Out. 
{ Ground inputs to gates not under test, during ALL tests unless otherwise noted. 
t The inputs to all gates must be ungrounded. 
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EXPANDABLE 4-WIDE MTTL MC500/400 series 
2-2-2-3 INPUT 





“AND-OR-INVERT” GATE 


MC501 - MC551 
MC401 - MC451 


This device consists of three 2-input and one 3-input 
AND gates internally ORed together and then inverted 
to provide the output. The common ORing nodes are 
available for expansion and up to 10 AND gates can 
be ORed together using the MC509 and the MC510 
series expanders. Care should be taken to minimize 
the amount of capacitance on the expander terminals 
in order to maintain switching speeds. 


14 


11 





Emitter 1 
Collector 1 


1 
2 
3 
5 
6 
7 
8 
9 
3 
2 
Positive Logic: 

11 = (14 © 1) + (2° 3)+ (5 ¢ 6) + (7° 8 © 9) + (Expanders) 
Negative Logic: 

11=(14+1) © (2+ 3) © (5 +6) © (7 +849) © (Expanders) 








Total Power Dissipation = 30 mW typ/pkg 
Propagation Delay Time = 12 ns typ 











SERIES INPUT LOADING FACTOR (le) OUTPUT DRIVE (lot) TEMPERATURE RANGE 


MC500 series Gates (20 mA) ° ° 
(E1:33mA] MC500 series Gates (10 mA) =OEAG 1O.t1282e 


MC400 series Gates ° °, 
(286. mA) MC400 series Gates OOO 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 














MC511 OR 





1N3605 OR 


PREF = 1.0 MHz typ CGULY: 


PW = 200 ns 


ty = 5.0 ns 
tp = 5.0 ns 


NOTES: 
Rg = 50 ohms 
Cy = the total parasitic capacitance which includes *MC501 — 2602 
probe, wiring and load capacitances. MC551 — 5702 
Scope rise time < 1.0 ns MC401 — 33002 
Probe capacitance < 5.0 pF MC451 — 6602 
Expander pins should be left open when 
measuring switching times. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for one input 
of the device. To complete testing, se- 
quence through remaining inputs in a simi- 
lar manner. 






14. 


Emitter 13 


Collector 12: 


MC501, MC551 Test Limits 









TEST CONDITIONS 
















































































mA Volts 
T 
: @ Test lo. lou | 
Ft} va | Va! Ve }Vin1/Vinol Your! Yee | Veen | ¥; 
T * in ML 1H R thl| tho] ‘out cc CCH IHX 
: a emperature Std | Pr* | Std 
‘ —55°C 0. 
2 MC501*, MC551 } +95°C 0. 
9 
+125°C 0. 
\ orc -0.6 0.45] 3.0 LA 
MC401*, MC451 4) +25°C -1.2]-0.6 0.45 | 3.0 1.2 
 a75%c -1.2]-0.6 0.45] 3.0 | 4. 17] 1.4/5. 
MC401, MC451 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW 








[ 55°C | +25°C 





+125°C 














Characteristic 


Input 
Forward Current 


Leakage Current 





Min | Max | Min 


[M 








Inverse Beta Current 















T ai 





Von 1 

















Breakdown Voltage BV. 






in"0" 











int" 





Output 
Output Voltage v 





out "0" 











Leakage Current 





Short-Circuit 
Current 























Vde 














Output Voltage 







Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 






















2,3,5,6.7,8, 
9,10,14 
2,3,.5,6.7, 
8,9,10 























2,3,5,6, 
7, 8, 9, 10 








1,2.3,5.6,7, 
8,9,10,14 















—_| | 

mAdc - - - ; z - 5 - - 4 - - 1,2, 3,5, 6, 
7,8,9, 
10,11,14 

























Power Supply Drain 


Switching Parameters 
Turn-On Delay 





* Prime Fan-Out. 













- 10. 
; 
HERE 


mAdc 


Fe a 





Pulse Out 










































































2,3,5,6,7, 
8,9,10 


1,2,3,5,6, 
'7,8,9,10,14 
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2-WIDE 3-INPUT 
“AND-OR-INVERT” GATE 





WITH GATED COMPLEMENT 


MC503 - MC553 
MC403 - MC453 








vibrators 














Pin 11 is an output terminal and should 
not be used as an input. 


INPUT LOADING FACTOR (le) 


*mcs03-260 82 
mcs53-5702 4 
MC403-330 Q +3.0 Vv 
MC453-660 Q Vinx 


PRF = 1.0 MHz typ NOTES: Rg = 50 ohms 











a 
cocoese-| «| 


myeasacoo0o 





MTTL MC500/400 series 


13 
14 


WN= 


sou 


This device is the only gate of the basic positive 
AND-OR-INVERT series that includes an additional 
3-input AND-INVERT function on the output. This 


configuration provides the output and a gated com- 
plement in a single package. This device is useful in 
the design of adders, subtracters and one-shot multi- 


12 


11 
8B 


Positive Logic 


11 
12 
12 


(1-2-3) + (5-6-7) 
11-13-14 


= (1-2-3) + (5-6-7) + 13 + 14 





" 


Total Power Dissipation = 35 mW typ/pkg 
Propagation Delay Times = 11 ns typ (Pin 1 to Pin 11) 


10 ns typ (Pin 11 to Pin 12) 


OUTPUT 
PIN #12 


TRUTH TABLE 


OUTPUT] PIN 
PIN #11| #13 





PIN 
4 











-seesroofsy 
peeve 


OUTPUT DRIVE (lov) TEMPERATURE RANGE 


15 MCS500 Series Gates 
MCS500 Series Gates 


12  MC400 Series Gates 
6 MC400 Series Gates 


PW = 200 ns Cy = the total parasitic capacitance which includes 
ty, = 8.0 ns max probe, wiring, and load capacitances. 


te = 5.0 ns max Scope rise time < 1.0 ns 


Probe capacitance < 5.0 pF 
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(20 mA) 
(10 mA) 


(20 mA) 
(10 mA) 

















8¢-b 





ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one in- 
put of the AND-OR-INVERT gate, plus 
one input of the gated complement. To 
complete testing, sequence through remain- 
ing inputs in the same manner. 


awe 


on 


"1 MC503*, MC553 








0°c +25°C | +75°C 


@ Test 
Temperature 








Characteristic 





Input 


Forward Current 


Leakage Current 


Inverse Beta Current 


Breakdown Voltage 





















int" 
Output 
Output Voltage Voutron | 1 
12 
Vout mye 





Leakage Current 


Short-Circuit 
Current 


Output Voltage 








| Max | Min | Max | Min] Max | Min | Max | 





















TEST CONDITIONS 









Volts 





































































1,5,6,7,10 


1,2,3,5,6, 
7,10 












































m= 


5,6,7,10 


1,2,3,5,6, 
7,10 





m 
bo 











1,2,3,5,6, 
7,10 


10,13,14 


1,2,3,5,6, 
7,10,11 
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ELECTRICAL CHARACTERISTICS (continued) 














Characteristic 


Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 






Power Supply Drain 


Switching Parameters 
Turn-On Delay 


MC503*, MC553 










—55°C | +25°C 
Min | Max | Min | Max | Min] Max | Mi 

















TEST CONDITIONS 














Volts 











+25°C 








+125°C 

















TO PINS LISTED BELOW: 














Vih 1 














Vin ° 




















Turn-Off Delay 














Rise Time 


























Fall Time 


* Prime Fan-Out 























Vee 
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EXPANDABLE DUAL 2-WIDE MTTL MC500/400 series 
2-INPUT “AND-OR-INVERT” GATE 


MC520 - MC570 
MC420 - MC470 








One side of this dual device consists of two 2-input 
AND gates ORed together and driving an output in- 
verter. The other side consists of two 2-input gates 
ORed together and driving an output inverter with 
an output inverter with the ORing nodes made avail- 
able for expansion. Up to 10 AND gates can be ORed 





together using the MC509 or MC510 expander 
series. Care should be taken to minimize the amount 
of capacitance on the expander terminals in order to 
maintain switching speeds. 
14 
1 
13 
2 
3 
5 
6 
12 
9 
1 
Emitter 7 
Collector 8 


Positive Logic: 
13 = (1-14) + (2 - 3) 
12=(5 + 6)+(9 + 11) + (Expander) 














Total Power Dissipation = 40 mW typ/pkg 
-Propagation Delay Time = 12 ns typ 














INPUT LOADING FACTOR (ie) OUTPUT DRIVE TEMPERATURE RANGE 


af MC500 series Gates {20 mA) _55O ° 
(i t33mA) MCS500 series Gates (10 ma) RPE AOL 2e 


MC400 series Gates (20 mA) o ° 
(—1.66 mA) MC400 series Gates (10 mA) Se fen BTE 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 











MC511 OR 
EQUIV 


af ne : 1N3605 OR 
PRF = 1.0 MHz typ EQUIV 
PW = 200 ns 
ty = 5.0 ns 
te = 5.0 ns 





NOTES: 





Rg = 50 ohms *MC520 — 2602 
Cry = the total parasitic capacitance which includes MC570 — 5702 
probe, wiring, and load capacitances. MC420 — 3302 
Scope rise time < 1.0 ns MC470 — 6602 
Probe capacitance < 5.0 pF 
When checking expander side, expander pins 
should be open. 
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ELECTRICAL CHARACTERISTICS 4a TEST CONDITIONS 
Test procedures are shown for only one gate. 1 oe Volts 
ee ee. 2 @ Te bon 
one input of phe gate under test. To pees Temperature | Pr* | Std | Pr’ | Std | 
plete testing, sequence through remaining 5 —55°C 10 |-1. 
inputs. 6 43 MC520*, MC570 ) +25°C 10 | -1. 
: +125°C 
Emitter 7 
Collector's MC420*, MC470 § +25°C 
+75°C 
MC520, MC570 Test Limits 
+125°C 
Characteristic 























1,2,3,10 





Input 
Forward Current 


Leakage Current 
Inverse Beta Current 


Breakdown Voltage 





2,3,10,14 


ran 
2 
6 
e 
° 
o 
1 
° 
c=) 











2,3,10 
2,3,10,14 





= 
cE "y 
- 
D 
i=) 
i) 
~ 
c=) 
i=) 
1 
~ 
° 
So 
r 
> 
2. 
a 
F 
1 


Wane | [S| = [| es 


out "0" 

















Output 
Output Voltage 





2,3,10 


= 























Leakage Current IotK a - {1,2,3,10,14] 
Short-Circuit Igq 1,2,3,10, 
Current 13,14 






2,3,10 
2,3,10 












You | 3 haa 
















Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 


Power Supply Drain Enea 


Turn-On Delay ton 1,13 
ee 
ke 


* Prime Fan-Out 
+ Ground inputs to gates not under test during ALL tests unless otherwise noted. 
{ The inputs to all gates must be ungrounded. 












= 
wo 
wo 
i=) 
ay 
= 


94,0540, 

















a 
° 
s 


wo 
es) 
an 
i=) 
an 
ns 


90,9,10, 











= 
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MTTL MC500/400 series 
“AND” J-K FLIP-FLOP 





MC515 - MC565 
MC415 - MC465 


The MC415, MC465, MC515, and MC565 are clocked 
49 Vcc flip-flops that trigger on the negative edge and perform the 


J-K logic function. . Each flip-flop has an AND input gating 
: configuration consisting of three J inputs ANDed together 
and three K inputs ANDed together. The multiple J and 


K inputs minimize the requirements for external gating in 
counters and certain other applications. A direct SET, PRE- 
SET, and RESET are also available. 

In normal operation, information is changed on the J and 
K inputs while the clock is in the low state, since the inputs 
are inhibited in this condition. Information is read into a 
temporary memory when the clock is in the high state. 
When the clock goes low, the information is transferred 


to the bistable section and the Q and © outputs respond ac- 
cordingly. The information on the J and K inputs should not 


aa Ras be changed while the clock is in the high state. Each flip-flop 
eee | can be set or reset directly by applying the low state to the 
direct SET, PRESET, or RESET inputs. 


Since each flip-flop is a charge-storage device, there is a 
restriction on the clock fall time that must be observed. 





12 


1 





EQUIVALENT CIRCUIT 


11° «12 


| 


7) 


om 
on) 


13 
9 RESET 
PRESET 







++++0000/ | 
~+00-+00]n| 
-o-o-0~0|2) 


ie} 
o-ssco-olP 
BA 





Where J = Jy * Jo * Jg 


445 14K3 K=Ky*Kg*K3 
J2 6 1Kg 
J3 7 2K, 


Total Power Dissipation = 40 mW typ/pkg 
Switching Times: 

ton = 25ns typ 

toff = 13 ns typ 











INPUT LOADING i 
FACTOR 
OUTPUT DRIVE Mo.) TEMPERATURE 
clock boli cLock ALL pre 
OTHER OTHER 
MC515 15 MCS5OO series Gates (20 mA) 
1.5 -2. ae —55° 0; 
Mc565 U f20'mAl {-1.33mMA) | 7 Mc500 series Gates (10 ma) BENE s0'F1258C 
MC415 12 MC400 series Gates (20 mA) 
1.5 —2. A -1, 0, +759 
mca6s u {=2-5'mA) {1-66 MA) | | Mca00 series Gates (10 mA) OPE 0 F795", 
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MC515, MC565/MC415, MC465 (continued) 


OPERATING CHARACTERISTICS 


Clock fall time * 150 ns. 
Triggers on clock pulse widths 2 20ns. 


Provides direct SET, PRESET, and RESET inputs. The 
application of a “0” state to 8 or 9, sets Q high; ‘0’ state 
to 13, resets Q low. The clock must be in the low state 
when these functions are performed. 


Data at the J and K inputs must be present before the 
clock goes to a high state. If the information on the J and 
K inputs is changed while the clock is ina high state, the 
flip-flop will require typically 300 ns to recognize a “1” 


state to "O’’ state information change on the J and K 
terminals. The flip-flop will require typically 10 ns to 
recognize a “0” state to ‘1’ state change. 

Negative edge triggering — When the clock goes from 
the high state to the low state, the information in the 
temporary storage section is transferred and the Q and a 
outputs will respond accordingly. While the clock is in a 
low state, the J and K terminals are inhibited. 

Unused J and K inputs should be tied to the clock or 
to 2.0 to 5.0 Vdc. PRESET and SET are tied to O; 
RESET is tied to Q. 


FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT 





SWITCHING TIMES 





VOLTAGE WAVEFORMS AND DEFINITIONS 


SYMBOL 


PRE 
PW 
t 
te 
Vin 





4-33 





MC515, MC565/MC415, MC465 (continued) 


FIGURE 2 — J-K TERMINAL CHARACTERISTICS TEST CIRCUIT 










INPUT VOLTAGE WAVEFORMS AND DEFINITIONS 






ENABLE MODE TEST: 
The device under test shall toggle when 
VEN = 1.8 Vdc +1% is applied. 

INHIBIT MODE TEST: 

The device under test shall NOT toggle when 

VINH = 1.2 Vde +1% is applied. 








FIGURE 3 — SET-RESET-PRESET TERMINAL CHARACTERISTICS TEST CIRCUIT 


VOLTAGE WAVEFORMS AND DEFINITIONS 








SYMBOL | VALUE | UNIT 


tPost 120 
ton 40 
toft 20 
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SE-V 






































































































































































ELECTRICAL CHARACTERISTICS 413 TEST CONDITIONS 
Ky 14 
Test procedures are shown for only one be 2 |) 12 mA Volts _| 
Jand K input, plus the SET, PRESET, and 9 = »—{=4 @ Test 
RESET inputs. To complete testing, se- 43 é |) " Temperature Vino 
quence through remaining J and K inputs 5 4 7 
in the same manner. 3 e 55°C pk Gel REY) 2.01 5: 
MCS515", MC565 9 +95°c | 20 | 10 |-1.5]-0.7/1.0[ 2.0 lo. 45| 2.8 4.5 1.2] 1.7 | 5.5 | 5.0 
+125°C +5 1,0] 2. 0.9] 1.4 
orc +2 40498 3.0 4.5 1i{ 1.9 
MC415", MC465 4 +25°C | 20 | 10 |-1.2]-0.6] 1.0] 2.0 |0.45] 3.0 4.5 1.2 | 1.8 
+75°C | 20 | 10 |-1,2]-0.6] 1.0] 2.0 ]0.45] 3.0 4.5 4) 4y% 
ii. ee cose 
Pin MC515, MC565 Test Limits MC415, MC465 Test Limits TES 
| 5 5 ~ = T CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
: Under| —55°C +25°C_ =| +125°C 0°c +25°C | +75°C | —- 
Characteristic Symbol | Test | Min [Max| Min] Max | Min] Max | Min| Max | Min | Max Min] Max | Unit lou lon lin | 2 bin} Yin | Yun Ve [Vino | Vena | Your} Yee Gnd 
Input [ 
Forward Current Ip 1 - |-1.33} - |-1.33] - |-1,33 -1.66 -1, 66 -1. 66] mAdc - 2 oe oe 2,3,5,6, e : - 4 1,8,10 
7,9,13,14 
= = = ms 1,2,3,6, = is - 5,10,13 
7,8,9,1 
z 2 esi 04a, Cee Pees 1,2,3,5, . # 5 8,10,13 
6,7,9,14 
: F 2 ae eee Re ey ee ee 9,10,13 
6,7,8,14 
s a = & a ee 132,3355 iS - 8,10,13 
6,7,9,1 ' 
Leakage Current 1 - = - - - - - 1 - - - 4 2,3,5,6,7,10,11,14 
5 - - - -~]- fe] - 5 - - - 1,2,3,6,7,10,12,14 
8 - = : es dW ae ON Maes de 8 “ . : 1,2,3,5,6,7,9,10,12,14 
9 7 fe 2 gll| addin! +b bo 9 é 2 $ 1,2,3,5,6,7,8,10,12,14 
13 | - - - oe ee 13 5 - 2 ' 1,2,3,5,6,7,10,11,14 
| Inverse Beta Current 1 a 1 - 100 | - 100 100 - - - - 8 - 1 - - - 4 10 
- 5 | - ‘ : . pom (rea ee 5 eo Se | 
8 e 3 - = lf é 8 € # “ 
gos ; : Be a ee bs ne fe a | 
13 - - - - - - 8 pee 13 - - - Y 
Breakdown Voltage 1 - - 1 - 8 - - - - - 4 10 
5 - “ GS \om | aad - 4 ” - 
8 & 2 ell) 2 2 - - - 
13 - - 13 | -- 8 - - ee a - Y 
1 - | - 1] - - - - - - 4 2,3,5,6,7,10,11,14 
5 7 : 6) +e - :. 2 2 2 1,2,3,6,7,10, 12,14 
8 - - 8 | - ~ = s . - 1,2,3,5,6,7,9,10,12,14 
9 - - 9} - - - - - - 1,2,3,5,6,7,8,10,12,14 
3 a “ 13] - _ . e i ' 1 10,11,14 






























































* Prime Fan-Out. (continued) 
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ELECTRICAL CHARACTERISTICS (continued) TEST CONDITIONS | 
Test procedures are shown for only one mA Volts 
Jand K input, plus the SET, PRESET, and R13 @ Test lo lon 
RESET inputs. To complete testing, se- {3 4 _) - Temperature — lin | 2 bin) Vin | Vin Ve |Yenol Vina | Your) Yee 
quence through remaining J and K inputs a 4 * 
in the same manner. ae =D e . —55°C 4 
2 § MC515*, MC565 4 +25°C 4.5 
ie +125°C 4.5 
0°c r 6} 1.0] 2. ; 3.0 4.5 5.5 
—---~ 
MC415*, MC465 4 +25°C | 20 | 10 |-1.2 -0.6] 1.0 2.0 |0.45] 3.0 4.5 1.2] 1.8 | 5.5 | 5.0 
+75°C | 20 | 10 |-1.2]-0.6] 1.0] 2.0 ]0.45] 3.0 as [ail aa 5.5 | 5.0 
Pin |__MC515, MC565 Test Limits MC415, MC465 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under| —55°C +25°C +125°C orc +25°C | +75°C 
Characteristic Symbol | Test [ Min | Max|Min| Max | Mi i in | Max] Min] Max | Uni lor lon lin | 2 tinal Yn | Vin Ve Vino | Vina | Your| Yee Gnd 








Clock Input 
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Forward Current 5, 7 x > - 7 3,10 
Leakage Current - - - - - 4 1,2,5,6,7,10,14 
=| 
Inverse Beta Current = 7 = 7 = 4 10 
- - & * 5 4 10 
Breakdown Voltage BV. any - - = * 2 4 10 
in"0 4 a = . . 4 10 
BVinva : - -f- {[- | 4 1,2,5,6,7,10,14 
Output 
Output Voltage Vout "0" ; 2 5 2 E i 12 - - - - - - - 13 - 4 3,8,10 
11 £ S 2 a = a < 9 a | 3,10,13 
1 7 z Bs 7 < “ = 8 2 3,10,13 
Youre" . . 5 . . . - 12 -~|f-]f- ]- - 13 2 - 4 8,10 
out "1 7 il a s 2 s = 9 - - | 10,13 
= il = -[- = = 8 fa = 10,13 
Leakage Current - - - - - - - . - 12 4 1,2,3,5,6,7,8,9,10,13,14 
ts = e 2 -|- % _|- 1 1,2,3,5,6,7,8,9,10,13,14 
Short-Circuit - - - - - - - - - - 1,2,3,5,6,7,8,9,10,12,13,14 
Current - - - - ae es - - - - 1,2,3,5,6,7,8,9,10,11,13,14 








Output Voltage 











PD 
iy 
a 
i 
pi 
i. 
wor 
oe 
7 
i 
i 
-_ » -a— P| ee] 
aes, 
2 
st 
7 
aoe 


Power Requirements 


(Total Device) 
Power Supply Drain } 1 4 | - | a] - | a] - | a] - | aa] - | a4] - | 14 |made 5 2 Pra ered eae) - : en ors far 3,10,13 


LL Ipp 4 - 12] - 12 - 12 - 14 - 14] - 14 |mAdc - - - - z = 7 L - - - 4 3,8,10 


* Prime Fan-Out. 
















































































MTTL MC500/400 series 
“OR” J-K FLIP-FLOP 





MC516 » MC566 
MC416 - MC466 


rare 


oe 
prt J BRS 


Syl |S 


ae 












The MC516, MC566, MC416, and MC466 are clocked 
flip-flops that trigger on the negative edge and are internally 
wired to perform the J-K logic function. Each flip-flop has a 
positive logic AND-OR input gating configuration that con- 
sists of two clocked J inputs ANDed together, two clocked K 
inputs ANDed together, two clocked L inputs AN Ded together, 
and two clocked M inputs ANDed together. The J and the L 
inputs are ORed together and the K and the M inputs are 
ORed together. A direct SET is also available. 

In normal operation, information is changed on the clocked 
inputs while the clock is in a low state, since the inputs are 
inhibited in this condition. Information is read into a temp- 
orary memory through the AND-OR input gating when the 
clock is in the high state. When the clock returns low the infor- 
mation in the temporary memory is transferred to the bi- 
stable section and the Q and the © outputs respond accord- 
ingly. The information on the clocked inputs should not be 
changed while the clock is high. 

Each flip-flop can be set directly by applying a low state 
to the direct SET input. Since each flip-flop is a charge stor- 
age device there is a restriction on the clock fall time that 
must be observed. 

The AND-OR input configuration of each flip-flop makes 
it very useful for shift right/shift left registers and for up/ 
down counters. 



















0 M2 13 

ele ae 

Ko 1 

N52 X | s0x RE a 

ry CLOCK 3 
oe 
= 

H Jy SS 

Ks] Jo 6 

L 
106GND th 
SET 9 





EQUIVALENT CIRCUIT 


X = Don’t Care 
Where J = J4° Jo 


L=Lyelg 
K=K,*Ka 
M=Myz°Mo 





Total Power Dissipation = 60 mW typ/ pkg 
Switching Times: 

ton = 25 ns typ 

totf = 13 ns tye 





INPUT LOADING 


FACTOR 
OUTPUT DRIVE (on) Te uoe 


CLOCK 


15 MC5OO series Gates (20 ma) 
1 —4.0 mA) —1.33 mA) —55°C to +125°C 
4 : ‘ ™A) | 7 MC5OO series Gates (10 mA) : 
12 MC400 series Gates (20 mA) 
3 —5. 1. O°C to +75°C 
1 (=8,0:mA) (CL Sema} 6 MC400 series Gates (10 mA) M 
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MC516, MC566/MC416, MC466 (continued) 


OPERATING CHARACTERISTICS 


Clock fall time < 150 ns. 

Triggers on clock pulse widths => 20 ns. 

The application of a ‘‘0’’ state to the SET will cause Q to go 
to the “1” state. The clock must be in the low state when this 
function is performed. 

Data at the clocked inputs must be present before the clock 
goes to a high state. If the information on the clocked inputs is 
changed while the clock is in a high state, the flip-flop will require 
typically 300 ns to recognize a ‘‘1" state to “0” state change. 
The flip-flop will also require typically 10 ns to recognize a ‘'0’’ 
state to “1” state change. 


Negative edge triggering — When the clock goes from the high 


state, the information in the temporary storage section is trans- 
ferred; and the Q and G outputs will change accordingly. While 
the clock is in a low state, the J, K, L, and M terminals are 
inhibited. 


Unused Inputs: 


Single unused J, K, L, and M inputs should be tied to the used 
input, to the clock input, or to 2.0 to 5.0 Vdc. 


If both J, K, L, or M inputs are unused, they MUST be tied to 
ground. 


Unused SET is tied to Q. 


FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT 





SWITCHING TIMES 








sR 


VOLTAGE WAVEFORMS AND DEFINITIONS 


[ewes [w [ox] + [2 [ow 
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MC516, MC566/MC416, MC466 (continued) 


FIGURE 2 — J-K-L-M TERMINAL CHARACTERISTICS TEST CIRCUIT 








INPUT VOLTAGE WAVEFORMS AND DEFINITIONS 








ae 


__ ENABLE MODE TEST: 
. The device under test shall toggle when 







: VEN = 1.8 Vdc +1% is applied. 
INHIBIT MODE TEST: - 
| The device under test shall NOT toggle when __ 


_... VINH 


FIGURE 3 — SET TERMINAL CHARACTERISTICS TEST CIRCUIT 


VOLTAGE WAVEFORMS AND DEFINITIONS 





SYMBOL VALUE UNIT 


tPost 120 
ton 40 
oft 20 





Ov-v 



































ELECTRICAL CHARACTERISTICS ¥ 33 TEST CONDITIONS 
Test procedures are shown for only one J, 4 = 
one K, and the SET input. The remaining <= , @ Test 
J, K, L, M inputs are tested in the same 2 Temperature 
manner. we 55°C 
8 MC516", mes | +25°C 
Be +125°C 
MC416*, MC466 +25°C 
+75°C 
Pin MC416, MC466 Test Limits 






Under +75°C 
Characteristic Symbol | Test i i Gnd 


a = —S—SKs wooo 
Input | | = T 
Forward Current 1 1 - |-1.93] - [-1.33] - | -1.33] - | -1.66] - |-1.66) - | -1.66] mAdc - - - - - - - |[2,3,5,6,7,]  - - - 1,9,10 
13,14 
























































































































4 
F 8,13, 
5 - . * = - ¢ - 2 - | - | +] - | - |2,2,8,67,] - - - 5,10,11 
8,13,14 
9 - - - - - - - - -|- - | - | - [1,2,5,6,7,})  - - - 3,9,10,11 
’ 1 8,13,14 
Leakage Current I, 1 - 100 | - 100 | - 100 | - 100 | - 100 | - 100 | wAdc - 7 -|[- = pose ae } - - - 4 123255,8/7,8,10,0 18 18 
5 - Ss 7 - - - 7 - eee Sey aS om - - - F 
See Cake ee ae ee +} iid id : z bea he at a Dt LL Lb | rbsssreretoria'is14 
Inverse Beta Current I, 1 - 100 | - 100 = 100 - 100 = 100 = 100 | “Adc = 7 = 7 1 2 4 9,10 
le ue ee eee el EME de Oe : ae 3 14 10, 
o_| - : : - - - t] - | - [-]- a >|} ion _it 
Breakdown Voltage |BV. ar 1 5.5 = 5.5 | - 5.5 = 5.5 - 5.5 > 5.5 > Vde = = 1 a = > - - 4 9,10 
Ve ed ee oe ee ee eh’ ae 
9 - - - - = = ’ : o9{[-{-|-{- - - : - 10,11 
Bv,"I"] 1 | 5.5] - [55] - [55] - [55] - 755] - [55] - vde - - a|-]-]-]- - - - - 4 2,3,5,6,7,8,10,11,13,14 
5 | - | - { = | - H - { - - - 5 | - “Jerod: - - - - t 1,2,3,6,7,8,9,10,12,13,14 
9 = = ‘a ial aa 9 = - = = = =. = : 1,2,3,5,6,7,8,10,12,13,14 














* Prime Fan-Out @ Momentarily ground pin prior to taking measurement at terminal. 
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ELECTRICAL CHARACTERISTICS (continued) 





TEST CONDITIONS 





































































































* Prime Fan-Out 



























































@ Momentarily ground pin prior to taking measurement at terminal. 






























































@ Test 
Temperature Vin 
—55°C 5 
MC516", MC566 4 +25°C 5 
+125°C 5 
0c 2 0.45) 3.0] 4.5 1.9 5 5 
MC416", MC466 { 425°C | 20 | 10 r) ‘ 0.45]3.0| 4.5 1.8] 1.2 | 5.5] 5.0 
+75°C | 20 | 10 | -1.2 [-0.6] 1.0/2.0] 4.0]0.45/ 3.0] 4.5 17] 11 [5.5] 3.0 
Pin MC516, MC566 Test Limits MC416, MC466 Test Limits 
7 TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
Under | —55°C +25°C +125°C orc +25°C +75°C ran Pre 
Characteristic | Symbol | Test | Min | Max | Min | Max | Min | Max | Min | Max [Min | Max| Min | Max| Unit | lo. low | lin ]2 bin] 4 tin] Yu | Yin] Ve | Ynr| Vino | Your | Yee Gnd 
Clock Input - . 2 - = a ee (eee ce Re ec 3,10 
Forward Current 8,13,14 
Leakage Current - - - - - - - 3 - - - 4 1,2,5,6,7,8,10,13,14 = 
Inverse Beta Current - cs 4 9,10 
: - [4 10,11 
Breakdown Voltage 3 - 4 10, 11 
- - [4 9,10 
- - | 4 1,2,5,6,7,8,10,13,14 
Output (For Set Only) 
Output Voltage 110 7 -|-f-]-]- - 9 - - 4 3,10 
= if tee) ee lire me 2 - 9 - 4 3,10 
Leakage Current - - - - - - - 12 - - - 4 1,2,3,5,6,7,8,10,11,13,14 
f s ee hoe tae ul - é - | 4 1,2,3,5,6,7,8,9,10,13,14 
Short-Circuit + . ee eae ar as oe = ‘ _ - | 4 | 4,2,3,5,6,7,8,10,11,12,13,14 
Current # e oy Poe | ah ae Pad " : : - | 4 | 1,2,3,5,6,7,8,9,10,11,13,14 
Output Voltage - 12 - - - - - - - - - 4 3,10,11 
: 11 a Wien |) Se 2 7 - mem 3,10,12 
ie 
1220 - -|-]- - - - : 4 3,10 
ud “ oe foee | . 4 % 244 3,10 
Breakdown Voltage - - -|- -|-]- - - - 2] 4 1,2,3,5,6,7,8,10,11,13,14 
3 2 Be sae F ak CE Se 5 = - ful 4 1,2,3,5,6,7,8,9,10,13,14 
Power Requirements 
(Total Device) 
Power Supply Drain | ‘pp i wy - 2} - | my - | wy] - 14 | - 14 | Vde - - a eee ee ee = Se MN Se Has |G 3,10,12 
Ipp - 2] - 12 | - ya | - “| - | - 14 | Vde - - -f-]-]-]- - - 4 - | 4 3,10,11 
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MTTL MC500/400 series 


R-S FLIP-FLOP 





MC513 - MC563 
MC413 - MC463 


This device consists of two independent dual 4-in- 
put NAND gates, internally cross coupled to realize a 
multiple input R-S flip-flop. The circuit can be used 
to eliminate switch contact bounce and to provide a 
temporary storage for data. 


= 


alala| 
WNW 
el 
= 
N 


aT 
$2 
s3 


coun 
= 
—_ 


= 2+3-13 
= 5:69 


Oia 


Positive Logic = 
11=Q=5+6+9+12 


Total Power Dissipation = 30 mW typ/pkg 
Propagation Delay Time = 20 ns typ (to change state) 








TRUTH TABLE (Positive Logic) 

















[ series | INPUTLOADING FACTOR (ip) OUTPUT DRIVE (ow) TEMPERATURE RANGE 
MC513 15 MC500 series Gates (20 mA) —55°C to +125°C 
MC563 7 MCS5OO series Gates (10 mA) 

MC413 1 (-1.66 ma) | 12 MC400 series Gates (20 mA) O°C to +759C 
MC463 6 MC4O00 series Gates (10 mA) 





SWITCHING TIME TEST CIRCUIT t VOLTAGE WAVEFORMS AND DEFINITIONS 


tf 5.0 ns max 


Vinx = TPout2 Vee Vec 
3.0 V 


9+3.0 Vde 9 9 9+5,.0 Vde 





tr 8.0 ns max 
3.0 V 





I——ty 8.0 ns max 


PRF = 2.5 MHz typ 
PW = 200 ns 





v * = 
tf 8.0 ra mom Mes aod 
MC413 — 330 Q 

NOTES: Rg = 50 ohms MC463 — 660 2 

Cry = the total parasitic capacitance which includes 

probe, wiring, and load capacitances. 
Scope rise time < 1.0 ns 
Probe capacitance < 5.0 pF ty 5.0 ns max 


t To measure ton, tf for Q and to¢f, ty for O, reverse input polarities. 
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ELECTRICAL CHARACTERISTICS 













































































RS 13 2 TEST CONDITIONS 
Ri 2 & 
Test procedures are shown for only one a 3 12 
input. The other inputs are tested in the @ Test 
same manner. ln | Va) Yn} Ve | Yona 
a2 6 ony —55°C 
s3 9 MC513*, MC563 ¢ +25°¢ 
+125°C 
0°c 
MC413*, MC463 ) +25°C 
+75 
MC513, MC563 Test Limits 
+125°C 
Characteristic 





























Input 
Forward Current 





Leakage Current 


Inverse Beta Current 











Breakdown Voltage 











Output 
Output Voltage 


Leakage Current 


Short-Circuit 
Current 


Output Voltage 












































Power Requirements 
(Total Device) 








Power Supply Crain 


Switching Parameters 
Turn-On Delay 
=O Eis EE ef 


ee es ea aes a 
a re De 


* Prime Fan-Out 
t To measure tow te for Q and tore t. for Q, reverse input polarities. 
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DUAL 4-INPUT EXPANDER MTTL MC500/400 series 
FOR “NAND” GATES 





MCS511 - MC561 
MC41l - MC461 


This device consists of two independent 4-emitter 
input transistors, each of which performs the positive 
logic AND function when used in conjunction with 
expandable gates. The base and collector of each 
device is available for expansion. Using the MC511 
with the MC506 expandable gate, the number of AND 
inputs can be expanded to 20. 


14 —\12 Collector 
—413 Base 
—‘o Base 

-\ 11 Collector 


Total Power Dissipation = 0 mW typ/pkg 
Propagation Delay Time: 


Atoa = +3.0 ns typ 
When added to the expandable 
“AND-OR-INVERT” gate. 


Atpg/pF = +1.6 ns/pF typ 
Caused by additional capacitance at 
expander points. 


LOADING (le) TEMPE ROEURE 
[series | FACT 7 
MC511 
MC561 Pa eebee eee 
MC411 
iMcaGt (-1.66 ma) 0°C to +75°C 


Full output loading factor of the expandable gate is maintained. 


ONO WH 










APPLICATION: | EXPANDABLE 8-INPUT “AND- 
OR-INVERT” GATE WITH A 
DUAL 4-INPUT EXPANDER 
CONNECTED. BV. “o” VBE, IL TEST CIRCUIT 


= 


OvOaown=sf DVYHKMWN— Db 


EXPANDABLE GATE 
MCS506 
MC556 
MC406 
MC456 


EXPANDER 
MC511 
MC561 
MC411 
MC461 





1, Collector 
. * VR =O V for Vag test 
POSITIVE LOGIC: Ls BE 
12=14¢1¢2¢3¢5*6*798e14e19293°5*69798 
ee ee 

EXPANDABLE GATE EXPANDER 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
expander. The other expander is tested in 
a similar manner. Further, test procedures 
are shown for only one input of the ex- 
Pander being tested. To complete testing, 
sequence through remaining inputs. 





Collector 


4: —Si2 
= Da 


Emitter 


Emitter 


5 ‘oe 
— Dy 


Collector 


MC511, MC561 Test Limits 
















Characteristic 


—55°C | +25°C 


MCS11 , 


MC411 , 


@ Test 
ait Ko 
—55°C Tiss | 10 | 10 | 45 | 
MCS6I ) 425°C Ee eee 
+125°C = [4 
orc 
MC461 ) +25°C 1.0 


reper 
[in [ Max Min] Max | Min | Max | Min [ Max] Min] Max Min] Max] Unit | lor _| 

















easercoron [ig [ [= [ove] -fooof = ow [Too] Jooof [ow foe] T= TT 
ier menor] [f= | [oe] = Paw] [ow fol fafa] Te [| 





Breakdown Voltage Vin vgn 1 5.5 - 
oe i 5.5] - 


Base-Emitter Voltage Ver 13,1 = 1.3 p> [tt 


Base-Collector Vac 13,12) - 
Voltage 


Offset Voltage 

















Forward Beta 


+ Ground inputs to expanders not under tests during ALL tests 


* Measure Vo from Pin 12 to gnd 


** Voltage obtained with two series diodes tied from collector to gnd. 


I 
t Measure I, and calculate Beta. (n c 


Cc 


FE Ig 
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DUAL 4-INPUT EXPANDER MTTL MC500/400 series 
FOR “AND-OR-INVERT” GATES 





MC510 - MC560 
MC410 - MC460 


This device consists of two independent 4-input 
AND gates. The outputs of each gate are made avail- 
able as ORing nodes. Using the MC509 series and the 
MC510 series with any one of the basic expandable 
gates, up to 10 AND gates can be ORed together. 


Collector 
2 s 
3 — 3413 
Emitter 
Emitter 
=Day 
Z \ 
8 —A11 
Collector 


Total Power Dissipation = 10 mW typ/Pkg. 
Propagation Delay Time: 
4tpa =+1.0 ns typ 
When added to the expandable 
“AND-OR-INVERT” gate. 
Atpg/PF = +1.0 ns/pF typ 
Caused by additional capacitance 
at expansion points. 


INPUT 
LOADING (Ip) TEMPERATURE 
series | FACTOR E RANGE 
MC510 
MC560 1 (=1.33 mA) | —55°C to +125°C 
1 (—1.66 mA) 0°C to +75°C 


Full output loading factor of the expandable gate is maintained. 










APPLICATION: EXPANDABLE 2-WIDE 4-INPUT, “AND-OR- 
INVERT” GATE WITH A DUAL 4-INPUT EX- 
PANDER CONNECTED. VceE. VOH TEST CIRCUIT 


EXPANDER 


Vena. 
Vith"'o” 


ONOMWN=A DION WNAb 


EXPANDABLE 
GATE 





POSITIVE LOGIC R1 = 1.3 k ohms for Voy test. Adjustable 
12=(14¢1+¢2°3)+(5°6°7°8)+(5*6¢72°8)+(14°1°% 2° 3) to obtain I¢ on Vc_ test. 
a 


EXPANDABLE GATE EXPANDER 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
expander. The other expander is tested in 
a similar manner. Further, test procedures 
are shown for only one input of the ex- 
Pander being tested. To complete testing, 
sequence through remaining inputs. 











Characteristic 


Input 
Forward Current 














BV. 1 


age 
BV 


Breakdown Voltage 














Output 
Output Voltage 


< 


Leakage Current 12 


Power Requirements 
(Total Device) 
Maximum Power 
Supply Current 
Power Supply Drain 


















Fas Seem [ig P= el ol = 
cc eee ae 


Cen oboeo an eee 





Collector 


pee 


Emitter 


1 


onan 


Emitter 


ova 


Collector 


MC410 , MC460 


MC510, MC560 Test Limits MC4TO, MC460 Test Limits 
+125°¢ | _o°c_| +25°C | +75°C | 
Test_| Min] Max| Min] Max] Min] Max | Min] Max] Min] Max] Min] Max| 


| fs fel — te 
ee ae 








* Indicated pins tied to Voc thru 1.3 k ohms + 1. 0% resistor. 
** Indicated pins tied to Vccy thru 1.3k ohms + 1. 0% resistor. 
} Ground inputs to gate not under test during ALL tests, unless otherwise noted. 


t The inputs of both gates must be ungrounded. 


@ Vcgx is referenced to the emitter voltage (Pin 13). 


@ Pin 9 ties to Pin 13. Pin 12 ties to Pin 11. 


The other gate is referenced to (Pin 9). 











-‘o 
= by Ese MC510 , MC560 } +25°C 


4.0/1.0 [4.5 [0.85 [0.75] 0.8 [1.7 | 1.2 
+125°C| 4.0] 1.0 | 4.5 [0.65 [0.55] 0.8 | 1.4[ 0.9 


Min 











Bea 








TEST CONDITIONS 
















































2,3,10,14 











1,2,3,10,14 
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4-WIDE 3-2-2-3 INPUT EXPANDER MTTL MC500/400 series 
FOR “AND-OR-INVERT” GATES 


MC509 - MC559 
MC409 - MC459 





This device consists of two 2-input and two 3-input 
AND gates ORed together with the common ORing 
nodes made available as the output. The basic expand- 
able gate can be expanded up to 10 AND gates by 
using the MC509 series or the MC510 series expand- 
er package. 


1 
1 







Emitter 


12,\ 


Collector 


COON DOWN “BW 


Total Power Dissipation = 20 mW/pkg. 
Propagation Delay Time: 
Atpg = +4.0 ns typ (1.0 ns per ORed function) 
When added to the expandable 
“AND-OR-INVERT"” gate. 


Atpa/pF = 1.0 ns/pF typ 
Caused by additional capacitance 
at expansion points. 


RAN le 
MC509 
Mc559 (—1.33 mA) |} —55°C to +125°C 
M 
ee (paee meee 


Full output loading factor of the expandable gate is maintained. 






APPLICATION: EXPANDABLE 4-WIDE “AND-OR-INVERT” 
GATE WITH A 4-WIDE 3-2-2-3 INPUT EX- 
PANDER CONNECTED. Vce, VoH TEST CIRCUIT 


EXPANDABLE 
GATE 


= 


COON ONWNsA 


MCS501 
MC551 
McC401 
MC451 


EXPANDER 


aa 
Collector 


MCSs09 
MC559 
McC409 
MC459 
R1 = 1.3 k ohms for Voy test. Adjustable 


to obtain Ic on Vcg test. 


3 
j 
2 
3 
6 
: 


POSITIVE LOGIC: 
12=(14¢ 1) +(2°3)+(5¢ 6) +(7¢ 89) +(13°14¢1)+(2°3)+(5°6)+(7°8 9) 
[ne Ol een nnenO ene | 


EXPANDABLE GATE EXPANDER 
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TEST CONDITIONS 













ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one in- 
put of the device. To complete testing, se- 
quence through remaining inputs in the 
same manner. 


WON ON =Bo 





Emitter 12 @ Test 


= Temperature Dnce 


Collector 11 








MC509 , MC559 





+125°C | 4.0 







4.5 0. 900. 80 
1.0 4.5 0. 85 |0. 75 
4.5 0.75 












MC409 , MC459 ) +25°C| 4.0 
+75°C | 4.0 


MC409, MC459 Test Limits VOLTAGE APPLIED TO 7 LISTED BELOW: 


Ven [Vem [Vee |Veou] Gnd 














Pin MC509, MC559 Test Limits 


Under} —55°C +25°C_ | +125°C 
Characteristic Symbol | Test | Min | Max | Min] Max | Mi 


































































Input 

Forward Current I, 1 - 4-11.33] - |-1,33) - |-1.33 - |-1.66] - |-1.66} - j|-1. 66} mAdc - 1,10 

Leakage Current In 1 - 100 - 100 - 100 - | 100] - 100 - 100] wAde - 2,3,5,6,7,8, 
9,10,13,14 












2,3,5,6,7,8,9,10 






Inverse Beta Current 











2,3,5,6,7,8,9,10 


ie 
ahaa : i . ; ; - | 2,3,5,6,7,8,9, 
in"L “10, 13,14 





Breakdown Voltage BV 





























Output 
Output Voltage - 2,3,5,6,7,8,9,101 
- 2,3,5,6,7,8,9,10 
— 
Leakage Current - 1,2,3,5,6,7,8, 
9,10,13,14 


Power Requirements 
(Total Device) 
























































Maximum Power 1 vax 4 = S - 20 - - - - - 20 - - | mAdc] - - - - - 12 - - = - 11 - 4 1,2,3,5,6,7,8, 
Supply Current 9,10,13,14 
—— 
Power Supply Drain Ippu 4 - 5.0) - 5.0 - 5.0 - | 6.0] - | 6.0 - | 6.0] mAdc] - - - - - 12 - - - - a - 4 - 10 
I 4 - 6.0 - 6.0 = 6.0 - | 7.0] - 7.0 - 7.0} mAdc] - - - - - - - - - - - 4 = 1,2,3,5,6,7,8, 
ED L 9,10,13,14 ‘| 


























* Indicated pins tied to Voc thrul.3 kohms + 1, 0% resistor. 
** Indicated pins tied to Vocy thrul.3 kohms + 1.0% resistor. 
@ Vcg is referenced to the emitter Voltage (Pin 12). 
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DUAL 4-INPUT LINE DRIVER MTTL MC500/400 series 





MC507 - MC557 
MC407 - MC457. 


Each of the two independent drivers in the package 
consists of a 4-input AND gate driving an output in- 
verter. The output inverter is capable of supplying 
twice the drive of the basic gates. The line driver is 
especially useful for driving high capacitive loads or 
for driving large fan-outs such as the numerous clock 
inputs of large counters. 


= 


ONO wVn=@ 
= = 
aS het hire 


Positive Logic: 
12=1°2¢3 013 


Negative Logic: 
12=T+2+3+13 


Total Power Dissipation = 60 mW typ/pkg 
Propagation Delay Time = 25 ns typ @ 1000 pF Load 





INPUT LOADING FACTOR (ie) OUTPUT DRIVE (IgL) TEMPERATURE RANGE 


2 < 30 MCS50O0 series Gates (40 mA) 
(-2.0mA)*! 45 Mcs00 series Gates (20 mA) 


24 MC400 series Gates (40 mA) 0, °, 
12 MC400 series Gates (20 mA) ORS CONES, 





—55°C to +1259C 





*Use If value of gate being driven (-1.33 or -1.66) to 
calculate output drive capability of line driver. 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


SWITCHING 
CHARACTERISTIC: 


Max Limits 
[Jerson] | 





VIHX = 
+3.0 V : ; *Mc507 —260 2 
' MC557 — 570.2 





PREF = 1.0 MHz typ MC407 — 330 2 


PW = 200ns Rg = 50 ohms MC457 — 660 2 


t, = 5.0 ns max Cr = the total parasitic capacitance which includes 
te = 5.0 ns max probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 

Probe capacitance < 5.0 pF 

Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one de- 
vice. The other device is tested in the same 
manner. Further, test procedures are shown 
for only one input of the device under test. 
To complete testing, sequence through re- 


maining inputs. 








Input 


Forward Current 





MC507, 






MC557 Test Limits 


@ Test 


Temperature | Pr* | Std 
—55°C|_ 40 


MC507*, MC557 


MC407™, MC457 


MC407, MC457 Test Limits 


+125°C| 40 





TEST CONDITIONS 











Volts 






















Vin VR Vin 1 Vin (1) Vout 1 Vout 2 











+25°C| 40 | 








orc] 40 | 


245 


















3.0 1.9] 1.1 








+25°C} 40 










45 





3.0 1.8) 1.2 











+75°C| 40 [20 |-24[-12 





0.45 


3.0} 4.5 [1.7 ils 


iL 











=55°C 


+25°C | +125°C 











2} 
Max 





Min | Max | Min 








Breakdown Voltage Vino" 


RRENT 






















Vin 

































in'1" 
Output 


Output Voltage Voge ng" 








Meat nye 





Low Current 
MC507/407 


MC557/457 





Breakdown Current 





Leakage Current 





Short-Circuit 
Current 


Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 


Power Supply Drain 
area Parameters 
mn Delay 









































Pulse In Pulse Out 











Rise Time 





Fall Time 


* Prime Fan-Out. 























+ Ground inputs to gates not under test during ALL tests, unless otherwise noted. 
t The inputs to all gates must be ungrounded. 


@values @ 1000 pF load. 
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INTEGRATED CIRCUITS. 
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DEVICE SPECIFICATIONS 


GATES 
MC2105,2155/MC2005,2055 
MC2103,2153/MC2003,2053 
MC2100,2150/MC2000,2050 


MC2101,2151/MC2001,2051 
MC2104,2154/MC2004,2054 


MC2107,2157/MC2007,2057 
MC2113,2163/MC2013,2063 


FLIP-FLOPS 
MC2109,2159/MC2009,2059 
MC2110,2160/MC2010,2060 


EXPANDERS 
MC2106,2156/MC2006,2056 


MC2102,2152/MC2002,2052 


Single 8-Input NAND Gate 

Dual 4-Input NAND Gate 
Expandable 2-Wide 4-Input 
AND-OR-INVERT Gate 

Quad 2-Input NAND Gate 
Expandable 4-Wide 2-2-2-3 Input 
AND-OR-INVERT Gate 

Triple 3-Input NAND Gate 
Expandable Dual 2-Wide 

2-Input AND-OR-INVERT Gate 


AND J-K Flip-Flop 
OR J-K Flip Flop 


Dual 4-Input Expander for 
AND-OR-INVERT Gates 

4-Wide 3-2-2-3 Input Expander for 
AND-OR-INVERT Gates 
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Page No. 
4-62 
4-64 


4-66 
4-68 


4-70 
4-72 


4-74 


4-76 
4-81 


4-85 


4-87 


NUMERICAL INDEX 


3 (Functions and Characteristics) 
Vec = 5.0 Vde, Ta = 25 C 





Output . 
P 
Loading Fopeenen Power 


Case Case Factor Delay Dissipation 
Function 609, 93 609 Each Output mw 


0 to +75°C | -55 to +125°c | mc2000 | Mc2100 typ/pkg 
Series Series 
Expandable 2-Wide 4-Input MC2000 MC2100 
AND-OR-INVERT Gate MC2050 MC2150 
Quad 2-Input NAND Gate MC2001 MC2101 
MC2051 MC2151 
4Wide 3-2-2-3 Input MC2002 MC2102 
Expander for AND-OR-INVERT Gates MC2052 MC2152 
Dual 4-Input NAND Gate MC2003 MC2103 
MC2053 MC2153 

















Expandable 4-Wide 2-2-2-3 Input MC2004 MC2104 
AND-OR-INVERT Gate MC2054 MC2154 
Single 8-Input NAND Gate MC2005 MC2105 
MC2055 MC2155 
Dual 4-Input Expander for MC2006 MC2106 
AND-OR-INVERT Gates MC2056 MC2156 

Triple 3-Input NAND MC2007 MC2107 

Gate MC2057 MC2157 


AND J-K Flip-Flop MC2009 MC2109 
MC2059 MC2159 








OR J-K Flip-Flop MC2010 MC2110 


mc2060 | MC2160 fsOMHe 





Expandable Dual 2-Wide 
2-Input AND-OR-INVERT 
Gate 


MC2013 MC2113 


mc2083_ | MC2163 Bo 
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MTTL I! MC2100/2000 series 


LOGIC DIAGRAMS 


MC2000/MC2050 MC2001/MC2051 
MC2100/MC2150 MC2101/MC2151 
Expandable 2-Wide 4-Input Quad 2-Input NAND Gate 

AND-OR-INVERT Gate 


BNO SNA 


Emitter 13 
Collector 9 


14 =12¢13 
12=(14°122¢3)+(5*6°7*8)+... 


tog = 7.0 ns typ toa = 6.0 ns typ 
Pp = 27 mW typ/Pkg PED = 88 mW typ/Pkg 


MC2003/MC2053 MC2004/MC2054 
MC2103/MC2153 MC2104/MC2154 
Dual 4-Input NAND Gate Expandable 4-Wide 2-2-2-3 Input 
AND-OR-INVERT Gate 


14 

=a =1°2¢3e13 _ 
Emitter 13 

Collector 12 


tod = 6.0 ns typ 
Pp = 44 mW typ/Pkg 11 = (1491) +(2°3)+(5°6)+(7°8+9+... 


ONO WNW 


tod = 7.0 ns typ 
Pp = 36 mW typ/Pkg 


MC2005/MC2055 MC2007/MC2057 MC2013/MC2063 
MC2105/MC2155 MC2107/MC2157 MC2113/MC2163 
Single 8-Input NAND Gate Triple 3-Input NAND Gate Expandable Dual 2-Wide 2-Input 
AND-OR-INVERT Gate 


12=1°2*3*5+6*7*9e13 
11 
Emitter 7 
Collector 8 


tpg = 8.0 ns typ = (1614) + (233) 
Pp = 22 mW typ/Pkg tod = 6.0 ns typ 12= (6° 6) + (9°17) +... 


Pp = 66 mW typ/Pkg toa = 8.0nstyp Pp = 58 mW typ/Pkg 


13 


= 
WOVOUWN= 


WON= BYD Wn 


Perey 
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LOGIC DIAGRAMS (continued) 


EXPANDERS 








MC2002/MC2052 MC2006/MC2056 
MC2102/MC2152 MC2106/MC2156 
4-Wide 3-2-2-3 Input Expander Dual 4-Input Expander For 
For AND-OR-INVERT Gates AND-OR-INVERT Gates 


Collector 


1 —-Si2 
1 
Emitter : ~\ 13, 


Emitter 
Emitter 


Collector 11 ak 9 
= Daw 


Collector 


OWN O A WN KbW 





Pp = 28 mW typ/Pkg Pp = 14 mW typ/Pkg 


FLIP-FLOPS. 





MC2009/MC2059 MC2010/MC2060 
MC2109/MC2159 MC2110/MC2160 
AND J-K Flip-Flop OR J-K Flip-Flop 


RESET 13 
K3 14 
K3 "4 
Ky 

ELOCK 
J 
43 
J3 


0 
0 
(9) 
ce) 
1 
1 
1 
1 


2-3200--00 
-o-4040-0 





X = Don’t Care 

Where J = J, °Jo 
L=LyeLlo 
K=Ky*K9 
M=My*Mo 


Where J = Jz * Jo° Jo 
K=Ky*Ko*K3 


f = 30 MHz 
Pp = 50 mw 
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FIGURE 1— TYPICAL MTTL II CIRCUIT 
INTRODUCTION 


MTTL II transistor-transistor logic is a high-speed, high- 
noise-immunity family of saturatingintegrated logic circuits. 


The MTTL Il family provides a speed extension of the 
medium-speed MTTL family. The circuits in the MTTL II 
family are identified by a multiple emitter input transistor 
and a two-stage active “‘pull-up” in the upper output net- 
work as shown in Figure 1. 


The multiple emitter input configuration offers the max- 
imum amount of logic capability in the minimum physical 
area and provides improved switching characteristics during 
turnoff. Clamp diodes are provided at each of the inputs 
to limit undershoot that occurs in typical system applica- 
tions such as driving long interconnect wiring. The two- 
stage output configuration provides very low output im- 
pedances in each of the two output states. These low im- 
pedances result in excellent ac noise immunity and allow 
high-speed operation while driving large capacitive loads. 


MAXIMUM RATINGS 





Value 





Supply Voltage — Continuous MC2100 Series +8.0 
MC2000 Series +7.0 





Supply Operating Voltage Range 4.5 to 6.0 





Input Voltage +5.5 





Output Voltage +55 








Operating Temperature Range MC2100 Series -55 to +125 
MC2000 Series Oto+75 








Storage Temperature Range Flat Package -65 to +200 
Plastic Package -55 to +125 








Maximum Junction Temperature 
MC2100 Series 
MC2000 Series 





Thermal Resistance - Junction To Case (8 j¢) 
Ceramic Flat Package 
Plastic Dual-In-Line 





Thermal Resistance - Junction To Ambient (6 5,) 
Ceramic Flat Package 
Plastic Dual-In-Line 
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TYPICAL CHARACTERISTICS 


BREADBOARDING SUGGESTIONS 


When breadboarding with any form of high-speed, high-per- 
formance TTL, the designer must continually be aware of the fact 
that he is working with the fastest form of saturating logic avail- 
able in the industry today. The switching speeds, especially the 
frequencies associated with the very fast rise and fall times of the 
circuits, are in the RF range and good high-frequency layout tech- 
niques should be used. The following breadboarding suggestions 
have been included to help the designer in his initial circuit layout. 
In many cases the breadboarding suggestions will have to be mod- 
ified to meet the requirements of the designer's specific application. 


Power and Ground Distribution 


Special care should be taken to insure adequate distribution of 
power and ground systems. The typical rate of change of currents 
and voltages for a single MTTL II gate is in the range of 107 Als 
and 108 V/s respectively. These figures reflect the necessity fora 
low-impedance power supply and ground distribution system, if 
transients are to be minimized and noise margins maintained. The 
use of AWG No. 20 wire or larger is often required. For printed 
circuitry, line widths of 100 mils or more are often necessary. A 
ground plane is desirable when using a large number of units. 


Bypassing 

To reduce supply transients, the breadboard should be bypassed 
at the point where power is supplied to the board and at intervals 
throughout the board. The use of a single bypass capacitor at the 
output terminal of the power supply is not adequate in a bread- 
board utilizing the fast rise and fall time MTTL I! circuits. A com- 
paratively large, low-inductance type capacitor (in the 1.0 uF range) 
is suggested at the point where power and ground enter the board. 
In many cases it has been found that distributing 0.01 uF capaci- 
tors for every five packages throughout a breadboard is adequate 
to supress normal switching transients. It is also suggested that a 
bypass capacitor be placed in close proximity to any circuit driving 
a large capacitive load. 
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Power Dissipation 


The standard supply voltage of the MTTL II logic circuits is 
+5.0 Vdc.The typical average dc power dissipation is given for each 
MTTL II circuit.(2) It should be noted that the totem pole output 
common to all high level MTTL circuits has an associated ac power 
dissipation factor. This factor results from the timing overlap of 
the upper and lower output transistors during the normal switching 
operation and is typically 0.7 mW/MHz/output for a 15 pF load. 
This ac power dissipation should be added when calculating the 
total power requirements of the MTTL II circuits. 


Unused Inputs and Unused Gates 


The unused inputs of any MTTL II logic circuit should not be 
left open, and can either be tied to the used inputs or returned to 
the supply voltage. This will reduce any potential problems result- 
ing from external noise. If the inputs are returned to the supply 
voltage, care should be taken to insure that the supply voltage does 
not exceed the maximum rated input voltage of 5.5 volts. If the 
supply can exceed 5.5 volts, the unused inputs must be returned 
to a lower voltage. The total number of inputs that can be tied to 
the output of any driving gate is 50. (This is defined as high state 
output loading factor.) It should be noted that the low state out- 
put loading rules must still be maintained. The minimum logical 
“'1" level for the high state output loading is summarized for Vcc 
= 5.0 V, Vit = 0.45 V and Igy = —5.0 mA: 


MC2100/2150 Series — Voy = 2.7 volts minimum @ —55°C 
MC2000/2050 Series — Vcqy4 = 2.9 volts minimum @ 0°Cc 


The unused inputs of the various flip-flops may be tied back to 
their associated outputs. To determine which outputs are related 
to each set of inputs by internal feedback, refer to the circuit 
schematics. 

The inputs of any unused gate in a package should be grounded. 
This places the gate in its lowest power condition and will help to 
eliminate unnecessary power drain. 





Expanders and Expander Nodes 


The ORing nodes of all the MTTL I! AND-OR-INVERT gates 
are made available for expanding the number of AND gates to 10. 
Since these are comparatively high-impedance nodes, care should 
be taken to minimize capacitive loading on the expander terminals 
if switching speed is to be maintained. When an expander is to be 
used with an expandable AND-OR-INVERT gate, it should be 
placed as close as possible to the gate being expanded. The increase 
in the average propagation delay per AND gate added to an expand- 
able AND-OR-INVERT gate is typically 1.0 ns/AND gate. The in- 
crease in average propagation delay as a function of capacitance 
added to the expander nodes is typically 0.7 ns/pF. 


Output OR (AND) Function 


Unlike the MDTL family of logic circuits, the outputs of the 
MTTL II logic circuits cannot be tied together to perform the output 
OR, or more correctly, the output AND function. If the outputs of 
the MTTL II family devices are tied together, it would be possible 
for the lower output transistor of one circuit and the upper output 
transistor of another circuit to be “on simultaneously. This con- 
dition provides a low-impedance path from Vcc to ground and the 
current that flows (approximately Isc) exceeds the guaranteed sink 
current. As a result, the saturated state cannot be maintained and 
the desired logic function is not satisfied. 


Operating Characteristics of Flip-Flops 


The general operating characteristics and restrictions for the 
MC2109/MC2110 series J-K flip-flops are as follows: 

The clocked inputs are inhibited when the clock is in the low 
State, and data should be applied and allowed to settle. The clocked 
inputs are enabled when the clock goes high and data enters the 
flip-flop. The data is temporarily stored in the charge-storage sec- 
tion (temporary memory) while the clock is in the high state. This 
data is transferred to the bistable section on the negative clock 
transition. 

The data on the clocked inputs should not be changed while the 
clock is in the high state. Data changes during this clock condition 
require 300 ns settling time. 

The direct SET, PRESET, and RESET inputs do not directly 
affect the charge-storage section and therefore should not be used 
while the clock is high. On the negative transition of the clock, 
Previously stored data may override the asynchronous set output 
state. Further, the direct SET, PRESET, and RESET inputs do not 
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override the clock and will not control the state of the flip-flop 
until 100 ns after the negative transition of the clock. The clock sig- 
nal must conform to the following boundary conditions at +125°C. 


Maximum guaranteed clock frequency = 30 MHz 
Maximum clock fall time = 100 ns 
Minimum clock pulse width 15 ns 
Minimum clock pulse amplitude =18V 
Maximum negative clock voltage =-0.5V 


Note: These boundary conditions for operation are not defined as 
occuring simultaneously. 

The transfer of data from the charge storage section to the bi- 
stable section is essentially an ac operation and thus results in the 
restriction of the clock fall time. If the clock fall time is greater 
than 100 ns, the information retained in the charge-storage section 
may not be transferred to the bistable section. The flip-flop will 
operate from very low frequencies to 30 MHz as long as the clock 
fall time is less than or equal to 100 ns. 

Large negative clock excursions may cause incorrect data trans- 
fers to the bistable section during the transfer cycles. Therefore, 
the most negative clock signal should be limited to —0.5 volt. 





(The switching characteristics of the MTTL II family are defined 
with respect to the associated transitions of the voltage waveforms. 
The average propagation delay is defined as the average of the turn- 
on delay and the turn-off delay measured from the 1.5 V point of 
the input to the 1.5 V point of the associated output transition or: 


ton * tof 


2 ns. 


tod = 
Rise time is defined as the positive going transition of the output 
from the 1.0 V to the 2.0 V level. Fall time is defined as the nega- 
tive transition of the output from the 2.0 V to the 1.0 V level. 
(2) ee ee 

Pp = PRL POH (Vee) 

where Ipp_ and Ippx are the typical de current drains at Vec = 
+5.0 V. 


MC2000/2050 and 2100/2150 MTTL II* series integrated circuits are electrically 
interchangeable with SUHL IIt series logic circuits as shown in the cross reference below. 

































































SG “55 to +125°C 0 to +75°C | 
SF : 
NUMBER Description Fan-Out = 11] Fan-Out = 6 | Fan-Out = 9 | Fan-Out = 5 
l $G210-213 Expandable 2-Wide 4-Input 
AND-OR-INVERT Gate Mc2100 MC2150 Mc2000 MC2050 
| 
$G220-223 Quad 2-Input NAND Gate MC2101 MC2151 Mc2001 | Mc2051 
$G230-233 4-Wide 3-2-2-3 Input Expander | | 
For AND-OR-INVERT Gates Mc2102 MC2152 Mc2002 E MC2052 
$G240-243 Dual 4-Input NAND Gate MC2103 MC2153 Mc2003 [ MC2053 | 
$G250-253 Expandable 4-Wide 2-2-2-3 
input AND-OR-INVERT Gate MC2104 MC2154 I Mc2004 Mc2054 
$G260-263 Single 8-Input NAND Gate MC2105 Mc2155 Mc2005 | MC2055 S| 
$G270-273 Dual 4-Input Expander 
For AND-OR-INVERT Gates MC2106 MC2156 MC2006 MC2056 
i ao 
= Triple 3-Input NAND Gate | MC2107 MC2157 ™Mc2007 Mc2057 
SF250-253 AND J-K Flip-Flop | Mc2109 MC2159 Mc2009 MC2059 
SF260-263 OR J-K Flip-Flop MC2110 MC2160 Mc2010 Mc2060 | 
$G310-313 Expandable Dual 2-Wide 
2-Input AND-OR-INVERT Gate MC2113 MC2163 MC2013 MC2063 
hey sek —_ ot 


*Trademark of Motorola Inc. 
tTrademark of Sylvania Electric Products, Inc. 
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SINGLE &-INPUT “NAND” GATE MTTL Il MC2100/2000 series 





MC2105 - MC2155 
MC2005 - MC2055 


This device is an 8-input NAND gate. It is useful 
when processing a large number of variables, such as 
in encoders or decoders. 


12 


WONIOTWN— 


= 


Positive Logic: 
12=1°2*3*5+6*7+9 013 


WONAADWN= 


= 


Negative Logic: 
1251+24+34+5+6+7+9+13 


Total Power Dissipation = 22 mW typ/Pkg 





Propagation Delay Time = 8.0 ns typ 








[ senies | INPUT LOADING FACTOR (ig) OUTPUT DRIVE (loi) TEMPERATURE RANGE 
MC2105 11 MC2100 series Gates 22mA °. oO, 

p mens [=z ma | 6 MC2100 series Gates 12mA 
MC2005 a 9 MC2000 series Gates 22.5 mA 0, oO 
MC2055 2.0:mo 5 MC2000 series Gates 12.56 mA OEE SOOT E 






SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 





PRF = 1.0 MHz typ 
PW = 200 ns 


ty = 5.0 ns max 
t¢ = 5.0 ns max 





NOTES: 

Rg = 50 ohms 

Cry = the total parasitic capacitance which includes 
probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 

Probe capacitance < 5.0 pF 
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TEST CONDITIONS 
ELECTRICAL CHARACTERISTICS Volts 
1 ~ 
Test procedures are shown for only Q @ Test lon lon ely ape hoch ra vody ie 
one input of the device. To complete 3 12 Temperature Std | Pr i wl Yin] Yr | *tht| "tho cc | “ecu 
testing, sequence through remaining 3 —55°C 122.0 |12.0 a5 bo is 
inputs in the same manner. MC2105*, MC2155 { +95°C 192.0 [12.0 4.5 aE 
+125°C [22.0 | 12.0 4.5 
orc 2.9} 4.5 | 1.9] 1.0/5.5 | 5.0 = 
MC2005*, MC2055 { +25°C|22.5 |12.5 loo | 4.5 |1.811.1/5.5 | 5.0] 7.0 | 3.0 
+ + 
+75°C [22.5 |12.5|-1.8]-1.0]1. 2.9] 4.5 | 1.7[ 1.0 [5.5 | 5.0 - 
Pin MC2105, MC2155 Test Limits MC2005, MC2055 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
|Under | —55°C +25°C | +125°C orc +25°C | +75°C 
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Mi lon hn} Yin | Yin} Ye | Mena [Yano | Y, 
Input aly LT. Filer. al ley, seal [| 
Forward Current lL, 1 - |-2.0] - |-2.0] - |-20] - |-2.5] - |-2.5] - |-2.5]/mAdc . - - -  |2,3,5,6)  - -|- 4 - 1,10 
ae iE a8 | 7,9,13 al! 
Leakage Current Ip 1 - |100 | - |100 | - {100 | - |100 | - |100 | - | 100 | wAde - - z=; - i % - fe 4 - | 2,3,5,6,7, 
| 9,10,13 
— — om 5 Te 7 
Inverse Beta Current I 1 - | 100 - | 100 - {100 - | 100 - |100 - | 100 | pAde - - - - 1 2 lise ties 4 - 10 
Breakdown Voltage BV. non 1 5.5] - 5.5] - =f 5.5] - 5.5] - 5.5] - 5.5] - Vde - - 1 : - - - - - 4 - 10 
BV, wge | 1 [55] - [5.5] - [5.5] - 5.5| - |5.5] - | 5.5] - | Vde - “ 1 ‘| 8 S ry eke ee 4 -  -|2,3,5,6,7, 
9310.13 
Output 
Output Voltage 12 2 < - - 1 - = 4 z 10- 
7 12 -. - - - 1 | - 4 - 10- 
Leakage Current - - - - - - - | 12 4 - — 1,2,3,5,6,7,) 
9,10,13 
Short-Circuit - - - - - - - - 4 - 1,2,3,5,6,7, 
Current 9,10,12,13 
: ots 
Output Voltage 12 = a 1 = 2 = = 4 = 10 
e 12 - - - - - - 4 - 10 
Power Requirements 
(Total Device) 
Maximum Power - a - - = = = = s = 1,10 
Supply Current a ue -'} 
Power Supply Drain - - - - - - 2 - 4 = 10 
rm < . = & 3 : 4 - 1,10 
Switching Parameters Pulse In | Pulse Out 
Turn-On Delay an 1,12 - - - 12 - 7 - - - 12 - - ns 1 12 - - - - - - 4 2,3,5,6,] 10 
= 7,9,13 
Turn-Off Delay t 1,12] - | - - | to] - | - -|- be [10e ||) 2 4) Sake toons. 1 12 - 3 - Erde’ Ics 4 2,3,5,6,| 10 
off 
7,9,13 
—+ —_—+ = oe 
Rise Time tu 1,12 - - - 4.0 - - - - - 14.0 - - ns 1 12 - - - - - - 4 2,3,5,6,] 10 
7,9,13 
| Fall Time ty 112-[-< |= - {30} - | - -|- - [3.0 | - | - | ns 1 12 - - - = al la 4 2,3,5,6,, 10 
ssl = L 7,9,13 




































































* Prime Fan-Out. 
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iia: PUT WAND” GATE MTTL I! MC2100/2000 series 





MC2103 - MC2153 
MC2003 - MC2053 


This device consists of two 4-input NAND gates. The 
gates can be cross coupled to form a multiple-input 
R-S flip-flop or a circuit for eliminating contact bounce. 


= 


ONOO WH=0 
= = 
ad N 


Positive Logic: 
12=1°2¢3¢13 


Negative Logic: 
12=1+2+34+13 


Total Power Dissipation = 44 mW typ/Pkg 





Propagation Delay Time = 6.0 ns typ 












TEMPERATURE RANGE 


—55°C to +1259C 


OUTPUT DRIVE (io) 


MC2100 series Gates 22 mA 
MC2100 series Gates 12mA 


| series | INPUTLOADING FACTOR (Ip) 
~MG2103 
meaies 1 -2.0 mA 
MC2003 
aes 
































MC2000 series Gates 22.5 mA 


fed fo) 
MC2000 series Gates 12.5 mA O°C to +759C 


ao |a- 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


MC2103 
MC2153 








NOTES: 


Rg = 50 ohms 
Cry = the total parasitic capacitance which includes 
PREF = 1.0 MHz typ probe, wiring, and load capacitances. 
Pw = 200 ns Scope rise time < 1.0 ns 
ty = 5.0 ns max Probe capacitance < 5.0 pF 
tp = 5.0 ns max Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS Sy ee TEST CONDITIONS 
3 
Test procedures are shown for only 5 Volts 
. . 6 
one gate. The other gate is tested in a =D. @ Test 
similar manner. Further, test proce- Vint] Mino 
dures are shown for only one input of 
he gate being tested. To complete 2 
we9 g pt MC2103", MC2153 
testing, sequence through remaining 
inputs. 
MC2003*, MC2053 ) +25°C|22.5 | 12.5] -1.8 
+75°C|22.5 [12.5] -1.8 
Pin MC2103, MC2153 Test Limits MC2003, MC2053 Test Limits 
Under| —55°C | +25°C | +125°C orc +25°C | +75°C 
Characteristic Symbol | Test [Min] Max| Min] Max | Min] Max | Min [ Max | Min] Max | Min | Max 
Input feo T | el | 
Poewatd Current I 1 - |-2.0) - |-2.0] - |-2.0 - |-2.5] - [-2.5) - | -2,.5] mAde - - - 2,3, 13) - - - 4 - - 1,10 | 
E Jeter be = 
Leakage Current Tp r =| 100 |= [00 | ~ |ioo | - |100 | - | 100 | - | 100 | Adc - = | - 1 alt alee de oe -  |2,3,10,13 
Inverse Beta Current I, 1 - 100 - | 100 - | 100 -- | 100 - | 100 = | 100 | pAde - - - 1 - - - 4 - - 10 
ee Te T =i = eT ae 
Breakdown Voltage BV. ror 1 5.5 - 6:5 - 5.5 - 5.5 | - 5.5 - 5.5] - Vde - - - - - - - 4 - - 10 
BV, oqo { 2] 55] - [5] - |55] - [55] - [8 5]) - | 55] - Vde - - - 7 -| - ].- | 4 - - 2,3, 10,13 
Output 
Output Voltage © se ng" 12 - - - 1 - - 4 - - 10 
v - 12 - - - 1 - 4 - - 10 
out "1" 
Ei fo + 
Leakage Current IotK - 2 - - = [ 12 4 - os 1, 2,3, 
| | 10,19 
| Short-Circuit Tyg - - - - - - [Fe 4 - - 1, 2,3, 
Current ia 1, ___{10, 12, 13 
[output Voltage Vou 12 - 1 - - - - - 2 10 
= 12 2 : - | -]- - - 10 
Power Requirements 
(Total Device) 
Maximum. Power 7 - - - - - - - 4 - 1,5, 10 
Supply Current | 
Power Supply Drain - - = | = a ab # 4 = 2 104 
- - - - an ee ee = - 1,5, 10 
Switching Parameters Pulse In_| Pulse Out 
Turn-On Delay oir 1,12 - - - 10 - - - - - 10 - - ns 1 12 - - - - - 4 - 12, 3,13 10 
Turn-Off Delay ee Gd eae Ba ee ae ae ie [| 10 is > [as 1 12 -t- f-f- = 4 [- p313[ 10 
Rise Time t tiz}- | - [- ao] - | - aol a [ ss eaftohes:,| te [ns 1 12 le wo fcoe Be Pale Nes 48-|° 40 
x __| ~ sf 13, 
Fall Time t wiz} - | - | - jest - | - - [- [- [2s] - | - [as 1 12 [- - - le 4 -  |2,3,13} 10 















































* Prime Fan-Out. 


+Ground inputs to gate not under test during ALL tests unless otherwise noted. 
+The inputs of both gates must be ungrounded. 
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EXPANDABLE 2-WIDE 4-INPUT MTTLIl MC2100/2000 series 
“AND-OR-INVERT” GATE 





MC2100 - MC2150 
MC2000 - MC2050 


This device consists of two 4-input AND gates ORed 
together and driving an output inverter. The ORing 
nodes are available for expansion, and up to 10 AND 
gates can be ORed together using. the MC2102 or the 
MC2106 series expanders. Since switching speed is af- 
fected by the amount of capacitance on the expander 
nodes, care should be taken to minimize this capaci- 
tance to maintain switching speeds. This gate is usable 
for construction of half adders and other applications 
where the exclusive OR function is required. 

1 


12 


Emitter 1 


4 
1 
2 
3 
5 
6 
7 
8 
3 
Collector 9 


Positive Logic: 
12=(1°2°3 ¢14)+(5* 6 7 ¢ 8) + (Expanders) 





Negative Logic: 
12=(14+2+3+ 14) © (5+6+7+8) © (Expanders) 





Total Power Dissipation = 27 mw typ/Pkg 





Propagation Delay Time = 7.0 ns typ 


INPUT LOADING FACTOR (le) OUTPUT DRIVE TEMPERATURE RANGE 
MC2100 series Gates 
MC2100 series Gates 


MC2000 * MC2000 series Gates 
MC2050 . MC2000 series Gates 





—55°C to +1259C 





O°C to +75°9C 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 








PRF = 1.0 MHz typ 
PW = 200 ns 
ty = 5.0 ns max 
tf = 5.0 ns max 


NOTES: 
Rg = 50 ohms 
Cry = the total parasitic capacitance which includes 
Probe, wiring, and load capacitances. 
Scope rise time < 1.0 ns 
Probe capacitance < 5.0 pF 
Expander pins should be left open when measuring switching times. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only 
one input of the device. To complete 
testing, sequence through remaining 


inputs in the same manner. 










Characteristic 


CWONVOA ONS 


om 


MC2100, MC2150 Test Limits 





Temperature | Pr* | Std | Pr* | 


MC2100*, MC2150 


+125°C [22.0 | 12.0 


MC2000*, MC2050 


MC2000, MC2050 Test Limits 





+25°C | +75°C 

















TEST CONDITIONS 











Volts 











lon 


—55°C {22.0 | 12.0 










+25°C | 22.0 12.0] -2.2 









0°C [22.5 [12.5 













+25°C [22.5 [12.5 








+75°C [22.5 | 12.5 












































































































































































































Input 
Forward Current I, 1 - | -2,0}) - | -2.0] - -2.5 mAdc 
Leakage Current I, 1 - | 100 - | 100 - | 100 - | 100} - | 100} - | 100) pAdc - 
Inverse Beta Current I 1 - 100 - 100 - 100 - 100 - 100 - 100} pAde - - - 7 - 1 - - - 4 - 5,6,7,8,10 
Breakdown Voltage BV. "0" 1 5.5] - 5.5] - 5.5] - 5.5] - 5.5, - 15.5 - Vde - - 1 - - - - - - 4 - |5,6,7,8,10 
BV. vgs 1 5.5] - 5.5} - | 5.5) - 5.5) - 15.5] - 15.5] - Vde - - 1 - - - - - - 4 - |2,3,5,6,7, 
in"1 8, 10, 14, 
Output 
Output Voltage Vout"o" 12 s - - - - 1 - - 4 - |5,6,7,8,10 
Vout" 5 - 12 - - font - 1 - ale 4 - |5,6,7,8,10 
Leakage Current LK 12 - - - - - - - - 12 4 - 1, 2,3,5,6, 
7,8, 10,14 
Short-Circuit sc 12 - - - - - - - - - 1, 2, 3,5,6, 
Current 7,8,10,12,14| 
Output Voltage OL: 12 19 * 1 3 = a 5,6, 7,8, 10 
Vou - 12 - 1 - - - - - - |5,6,7,8,10 
Power Requirements 
(Total Device) 
Maximum Power - = - - - 
Supply Current 
Power Supply Drain = 4 a 2 ba 
Switching Parameters Pulse In_| ‘Pulse Out 
Turn-On Delay ‘on 1,12 - - - 11 - - - ns 1 12 - - - - - - - 4 2,3,14 15,6, 7,8, 10 
Turn-Off Delay ce ae | ed ee > [ns 1 1 za ee = eae ao (ee ee pe 5, 6,7, 8,10 
Rise Time t 1,12 - - - | 45 - - - ns 1 12 - - - - - - 4 5,6,7,8,10 
Fall Time t 1,12) - - - | 3.0 - - - ns 1 12 - - - - - 4 2,3,14 |5,6,7,8,10 
f ett 








*Prime Fan-Out. 
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QUAD 2INPUT “NAND” GATE MTTL I! MC2100/2000 series 





MC2101 - MC2151 
MC2001 - MC2051 


This device consists of four 2-input NAND gates. 
The four gates in a single package represent increased 
functional flexibility. For example, a dual set-reset 


flip-flop may be obtained if each pair of gates is ex- 
800 e 800 . ternally cross-coupled, 
| = 
3 
2 
7 
6 
Sima 
- ; 
> 


[ 
A 





ge soo $2. 
Positive Logic: 
o ; 3=1¢2 
Negative Logic: 
fot | as 


Total Power Dissipation = 88 mW typ/Pkg 


Propagation Delay Time = 6.0 ns typ 


| series | INPUTLOADING FACTOR (Ip) OUTPUT DRIVE (ov) TEMPERATURE RANGE 
MC2101 11 MC2100 series Gates 22 mA 0, oO, 
Mc2001 As 9 MC2000 series Gates 22.5 mA ‘0, oO, 
MC2051 ‘ 25MA | § MC2000series Gates 12.5mA OC ROTIETS: 


SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 



















PRF = 1.0 MHz typ 


PW = 200 ns 


t, = 5.0 ns max 
te = 5.0 ns max 


NOTES: 

Rg = 50 ohms : 

Cr = the total parasitic capacitance which includes 
probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 

Probe capacitance < 5.0 pF 

Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only 
one gate. The other gates are tested in 
a similar manner. Further, test pro- 
cedures are shown for only one input 
of the gate being tested. The other 
input is tested in the same manner. 












TEST CONDITIONS 



























MC2001*, MC2051 ) +25°C 
+75°C 




















12.5] -1.8] -1.0}1.0] 0.45 | 2.9 
12.5) -1.8] -1.0)1.0 . 









































































































MC2001, uel Test nits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 
+25°C | +75°C 
Characteristic 
Input 
Forward Current -2.5 2.5] - | -2.5 - 7 - 1,10 
[eatage Current [I [1 | = Pane 
R . 
Breakdown Voltage BV, non 1 ” - 10 
in?1" = 2,10 
Output 
Output Voltage Vout non i fe As yi Hy 4 10 
Vout ye 3 e : : bs " 4 10 
Leakage Current 1,2,10 
Short-Circuit 1,2,3,10 
Current 
Output Voltage 10 
10 
Power Requirements 
(Total Device) 
Maximum Power 1,5,8, 
Supply Current 10,12 
Power Supply Drain Ibpx 4 E tot 
L 4 1,5,8, 
PDL 10,12 
Switching Parameters 
Turn-On Delay ton 1,3 
La] 2 a 
ta Se ca 














*Prime Fan-Out 


{Ground inputs to gates not under test during ALL tests unless otherwise noted. 
{The inputs of all gates must be ungrounded. 
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EXPANDABLE MTTL Il MC2100/2000 series 


4-WIDE 2-2-2-3 INPUT 
“AND-OR-INVERT” GATE 





MC2104 - MC2154 
MC2004 - MC2054 


This device consists of three 2-input and one 3-input 
AND gates ORed together and driving an output invert- 
er. The ORing nodes are made available for expansion, 
and up to 10 AND gates can be ORed together using 
the MC2102 or the MC2106 series expanders. Since 
switching speed is affected by the amount of capaci- 
tance on the expander nodes, care should be taken to 
minimize this capacitance to maintain switching speeds. 


OOVN oO aA Wns A 


Emitter 13 
Collector 12 


Positive Logic: 
11 = (14 © 1) + (2 © 3) + (5 © 6) + (7 © 8 © 9) + (Expanders) 





Negative Logic: 
11= (144 1) © (2+ 3) © (5 + 6) © (7+ 849) © (Expanders) 


Total Power Dissipation = 36 mW typ/Pkg 
Propagation Delay Time = 7.0 ns typ 










[ series | INPUT LOADING FACTOR (te) OUTPUT DRIVE (lon) TEMPERATURE RANGE 
MC2104 a 11 MC2100 series Gates 22mA _ 650 ° 

6 Mc2100 series Gates 12 mA pore te tee S 
MC2004 9 MC2000 series Gates 22.5mA °, oO. 

5 Mc2000 series Gates 12.5 mA Ore tO ERE 









SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


MC2103 
MC2153 





PRF = 1.0 MHz typ 
PW = 200 ns 





ty = 5.0 ns max " 
tf = 5.0 ns max 4 S as 


NOTES: max 


Rg = 50 ohms 
Cr = the total parasitic capacitance which includes 
probe, wiring, and load capacitances. 
Scope rise time < 1.0 ns 
Probe capacitance < 5.0 pF 
Expander pins should be left open when measuring switching times. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only 
one input of the device. To complete 
testing, sequence through remaining 
inputs in the same manner. 





B 


NG ©OY 9 Own = 


om 


MC2104*, MC2154 


+125°C | 22.0 | 12.0 


MC2004*, MC2054 





MC2104, MC2154 Test Limits 


MC2004, MC2054 Test Limits 






















orc 


+25°C 
+75°C 


—55°C |22.0 | 12.0 


TEST CONDITIONS 





+25°C [22.0 | 12.0 





























































































—55°C +25°C | +125°C 0°c 
Characteristic Symbol | Test | Min| Max| Min| Max | Min | Max | Min | Max 
a 4. 
Input 
Forward Current I 1 - |-2.0] - |-2.0] - |-2.0] - |-2.5] - |-2.5] - | -2.5] mAdc - - - - 14 1,2,3,5,6,7, 
8,9,10 
Leakage Current In 1 - 7 100 | - | 100} - | 100 | - | 100 | - | 100 | - | 100] pAdc - - - - 1 - - | - 4 - -  |2,3,5,6,7,8, 
Af eae | FSi (As ae (all + fis fh ‘ea 9,10,14 
Inverse Beta Current I 1 - |100 | - | 100 | - | 100 - | 100} - | 100} - | 100 | wAdc - - - - i 1 - - - - . 2,3,5,6,7, 
Le 8,9,10 
Breakdown Voltage | BV. ,,.,| 1 5.5] - [5.5] - | 55] - 5.5] - [5.5] - 1 5.5] - | Vde - - = 2 = = . ‘f - 2,3,5,6,7, 
in'"'0 
8, 9,10 
BV qe] 1 [55] - [5.5] - 15.5) - [55] - |5.5] - | 5,5] .- | Vde - - - - - - -|- - - .3,5,6,7, 
8, 9, 10, 1 
Oui ci v li 1 2,3,5,6,7 
put Voltage Hon - 7 = : aes - - »3,5,6,7, 
out ''0' 8,9,10 
Vian - 11 - - - - 1] - - - | 2,3,5,6,7, 
out "1 _| 8, 9, 10 
Leakage Current - - - - - - - 11 - - 1, 2,3,5,6,7, 
t—> 8,9,10,14 
Short-Circuit = = i *. = = = = cs Th -  [1,2,3,5,6,7, 
Current 8,9,10,11, 
14 
Output Voltage ll - - 1 - - - - - - 13,5,6,7, 
8,9,1 
z 11 1 - - - - - - - 2,3,5,6,7, 
8,9,1 
Power Requirements 
(Total Device) 
Maximum Power - - - - - - - - 4 - {1,2,3,5,6,7, 
Supply Current 8,9,10,14 
) Sr ae 
Power Supply Drain - - - - - - - = - - 10 
e ra = " < 2 [nee 7 -  [1,2,3,5,6,7, 
8,9,10,14 
Switching Parameters Pulse In_| Pulse Out 
Turn-On Delay t itz} - | - - | 42] - ] - -|- - fa] -] - ns 1 11 - - - -| -]- - 14. | 2,3,5,6,7, 
ae 2 + ai 8,91 
Turn-Off Delay t 1,11 - - - 12 - - - - - 12 - - ns 1 11 - - - - - - - 14 2,3,5,6,7, 
off 
8,9,1 ~| 
Rise Time is tar] - | - - [45] - | - xt ee - [45] - | - | ns 1 cB - - = . -|- - 14 | 2,3,5,6,7, 
8,9,1 
al — 19,10 | 
Fall Time ty i} - | - - [30] - | - - | - - |30] - | - ns 1 11 - - = . -[- - 14° | 2,3,5,6,7, 
oan 8,9,1 



















































































* Prime Fan-Out. 
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MTTL I! MC2100/2000 series 





TRIPLE 3-INPUT “NAND” GATE 


MC2107 - MC2157 
MC2007 - MC2057 


This device consists of three 3-Input AND gates 
driving output inverters. These gates can be used to 
build a pulse shaping network for interfacing with 
discrete component circuits. 





WN= AND WN 
© 


ey 





Positive Logic: 5=1°2¢3 
Negative Logic: 5=1+2+3 


Total Power Dissipation = 66 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 

















TEMPERATURE RANGE 






OUTPUT DRIVE (ow) 





INPUT LOADING FACTOR 























MC2107 MC2100 series Gates (22 mA) 

MC2157 (-2.0 ma} MC2100 series Gates (12 mA) —55°C to +1250C 

MC2007 MC2000 series Gates (22.5 mA) 

MC2057 (-2.5 mA) MC2000 series Gates (12.5 ma) 0° to +750C 
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


MC511 OR 


1N3605 OR 








Re = 50 ohms L_ 
Cy = the total parasitic capacitance which includes 4.0 ns— 


probe, wiring, and load capacitances. max 


Scope rise time < 1.0 ns 
Probe capacitance < 5.0 pF 
Ground inputs to all gates not under test. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 






Pin 


MC2107, MC2157 Test Limits 





TEST CONDITIONS 











Volts 













@ Test 


—55°C [22.0] 12.0] -2.2 
+25°C | 22.0] 12.0] -2.2 
+725°C | 22.0 [12.0] -2.2 


= A 
MC2107*, MC2157 
0°C | 22.5] 12.5 


MC2007*, MC2057 +25°C | 22.5] 12.5] -1.8]-1.0]1. 
+75 


MC2007, MC2057 Test Limits = ee a TO PINS LISTED BELOW: 


Vin ts) 





WON= ONO WH 
o 
= 
2 
3 
3s 
® 
= 
o 
a 
s 
o 
w 
g 
= 
: 
2 
a 


aaa 

































Under| —55°C | 














Symbol 









| Leakage Current. | Current. 





Eee Beta aren 
EAD ea 


eral | Mout "1" | | Mout "1" | 


| Leakage Current | Current 


Output Voltage 





) 4 [> jit.25) 25) 7 | 


Turn-Off Delay 
Pee JA 
partme | 4) 












Test | Min | Max| Min | Max | Min | Max { Min | Max | Min | Max ilies 


Input 
Forward Current -2.5 


el 
Breakiown paras | Gea ex ees Cs Se 


honed ut 
Ontout Voltage out 19” 0.45 0.45) Vde 


Sf atsisfetetstatatatatataiet tbr ptr tte a 
Current 5,10 
Pe presale 


Power Requirements 
(Total Device) 
Maximum Power mAdc 
Supply Current 


ee eee eee acecgu re eee e a eggUeE 
15 15 


Switching a 
Turn-On Delay 


a 
fen eens ee eerie eee eee 
Ht ee 





















Von |¥ tho 








+25°C_| +125°C oc | +25°C | +75°C | 
Vin] Ye | 
=ESESBECD SHEE 


ee eC el ee i) ca ea ss 
STE pe en oe 
















as 
feel nae z0 









| vac | 






EE Be ee el Ma ee ee 
mae 
















ane ce oT a ea 



















* Prime Fan-Out Ground inputs to gates not under test, during ALL tests unless otherwise noted. { The inputs to all gates must be ungrounded. 
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EXPANDABLE DUAL 2-WIDE MTTL I! MC2100/2000 series 
2-INPUT “AND-OR-INVERT” GATE 


MC2113 - MC2163 
MC2013 - MC2063 





One side of this dual device consists of two 2-input 
AND gates ORed together and driving an output in- 
verter. The other side consists of two 2-input gates 
ORed together and driving an output inverter with the 
ORing nodes made available for expansion. Up to 10 
AND gates can be ORed together using the MC2102 
or MC2106 expanders series. Care should be taken to 
minimize the amount of capacitance on the expander 
terminals in order to maintain switching speeds. 





6 


9 
11 


Emitter 7 
Collector 8 


Positive Logic: 
13 = (1-14) +(2 + 3) 
12=(5 + 6)+(9 - 11) + (Expander) 


Total Power Dissipation = 58 mW typ/pkg 
Propagation Delay Time =8.0 ns typ 




















SERIES INPUT LOADING FACTOR (ip) OUTPUT DRIVE (ow TEMPERATURE RANGE 
MC2113 st A 11 MC2100 series Gates (22 mA) _e5o ° 
MC2163 : C2omn) 6 MC2100 series Gates (12 mA) Dae Sees 
MC2013 % 9 MC2000 series Gates (22.5 mA) ° 4 
MC2063 : (F2.5mA) 5 MC2000 series Gates (12.5 mA) OR Ot 7RS 
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


4 < || MC511 OR 
O : EQUIV 
Qo vtIL, MC2103 E 
G3 mc2153 
1N3605 OR 


PRE = 1.0 MHz typ EQUIV 





PW = 200 ns 
t, = 5.0 ns 
te = 5.0 ns 


NOTES: 

Rg = 50 ohms 

Cry = the total parasitic capacitance which includes 
probe, wiring, and load capacitances. 

Scope rise time < 1.0 ns 


Probe capacitance < 5.0 pF 
When checking expander side, expander pins 


should be open. 
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14 







































































































































ELECTRICAL CHARACTERISTICS ’ aa TEST CONDITIONS | 
Test procedures are shown for only one gate. = mA ra Volts 
The other gate is tested in the same manner. @ Test lon lon 
Further, test procedures are shown for only 54 Temperature Pr’ | Std lin | Va] Yin) Ve | Mina] Yino} Your] Yee} Veen | Vinx 
one input of the gate under test. To com- 6 e 
plete testing, sequence through remaining 6 ae { 55°C} 22.0] 12. 0] -2.2]-1.2]1.0]0.45 | 2.7 | 4.5 0 
inputs. nt} MC2113*, ee +25°C| 22.0] 12.0] -2.2}-1.211.0]0.45 12.7 | 4.5 q 
Emitter 7 +125°C| 22.0] 12. 0] -2.2]-1.2 [1.0 27/45 [1.4 
Collector 8 - 
orc .5|-1.8]-1.0]1.0]0.45 | 2.9 | 4.5 | 1.9 | 1.0/5.5 | 5.0 
MC2013*, MC2063 { +25°C 5} -1.8]-1.0/1.0]0.45 | 2.9 | 4.5 [1.8 ]1.1 15.5] 5.0) 7. : 
+75°C “5|-1.8]-1.0]1.0|0.45 | 2.9 | 4.5 T [1075.5] 5.0] - = 
MC2113, MC2163 Test Limits | MC2013, MC2063 Test Limits TEST CURRENT / VOLTAGE APPLIED 
Under | —55°C +25°C | +125°C +25°C ] +75°C 7 
Characteristic Symbol | Test | Min] Max Min | Max | Min | Max | Min} Max | Min] Max lon in] Yel Yin] Ye 

















Input 
Forward Current . . 1,2,3,10 


Leakage Current = 2,3,10,14 


Inverse Beta Current 5 fi00 wade} = | 
Breakdown Voltage BV, Hon | - [55] - | mina 


BV 


Output 
Output Voltage Vout "0" 13 - 10.45 5 i : 3 6 Vde 
I 


Leakage Current ‘OLK 

Short-Circuit I 
Current 8c 

Output Voltage You 


Power Requirements 
(Total Device) 
Maximum Power 
Supply Current 
































1 5. 






























































Power Supply Drain 


os ea | 
Switching Parameters Pulse Out 
Turn-On Delay t 
i a 


























on 
Turn-Off Delay off 


* Prime Fan-Out 
+ Ground inputs to gates not under test during ALL tests unless otherwise noted. 
i The inputs to all gates must be ungrounded. 
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i MTTL I! MC2100/2000 series 
“AND” J-K FLIP-FLOP 





MC2109 - MC2159 
MC2009 - MC2059 


The MC2009, MC2059, MC2109, and MC2159 are clocked 
flip-flops that trigger on the negative edge and perform the 
J-K logic junction. Each flip-flop has an AND input gating 
configuration consisting of three J inputs ANDed together and 
three K inputs ANDed together. The multiple J and K inputs 
minimize the requirements for external gates in counters and 
certain other applications. A direct SET, PRESET, and RE- 
SET are also available. 

{In normal operation, information is changed on the J and 
K inputs while the clock is in a low state, since the inputs are 
inhibited in this condition. Information is read into a temp- 
orary memory when the clock is in a high state. When the 
clock returns low, the information is transferred to the bi- 
stable section and the Q and Q outputs respond accordingly. 
The information on the J and K,inputs should not be changed 
while the clock is high. Each flip-flop can be set or reset di- 
rectly by the direct SET, PRESET, or RESET inputs. Since 
each flip-flop is a charge-storage device, there is a restriction 
on the clock fall time that must be observed. 





RESET 13 


K Ga 12 


JQ 11 





EQUIVALENT CIRCUIT 





~+00+-00/n 
wonc0-0| 9 


i) 
92==3=00-0]7 
a 








--+-0000/ | 


12 
13 
RESET 
Where J = Jy * Ja ° Jg 
14K3 K=Ky*Kg°K3 
1K9 
2K, 


Total Power Dissipation = 40 mW typ/Pkg 
3 Switching Times: 

cLOCK ton:= 20 ns typ 

toff = 13 ns typ 
















OUTPUT DRIVE (ou) TEMPERATURE 


abi eta (lp) 
CTOR 
ce ie 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
J and K input, plus the SET, PRESET, and 
RESET inputs. To complete testing, se- 
quence through remaining J and K inputs 


LL-¥ 


in the same manner. 









©@ vaH wo NB O 
c 
Q 


a IS 


bee 
Ne 


ke 








TEST CONDITIONS 





rs} 


Volts 














Vin Vin VR Vih 0 












MC2109", MC2159 















Ven 1 


















MC2009*, MC2059 














2.8 
2.8 
2.8 
3.0 
3.0 
3.0 



































/ VOLTAGE APPLIED TO PINS LISTED 











Va Vin VR Vino 


Ty. ty 





out| Vee Gnd 























= 
— 


4 1,8,10 




















* Prime Fan-Out. 























oo 





7 - 2,3,5, 
7,9,13,14 
eae ere (ee eh en 5,10,13 
7,8,9,1 ‘ 
= - 1,2,3,5, - 8,10,13 
6,7,9,14 
2 = 1,2,3,5, - 9,10,13 
6,7,8,14 
53 - 1,2,3,5, - 8,10,13 
6,7,9,1 ' 
z 2 “ = i - 1 - = 7 4 2,3,5,6,7,10,11,14 
2 < ‘ ‘ ; = 5 - e - 1,2,3,6,7,10,12,14 
- S . 2 - 2 8 7 a - 1,2,3,5,6,7,9,10,12,14 
2 3 = 4, - 2 9 . = e 1,2,3,5,6,7,8,10,12,14 
= . - . 5 - 13 - - : v »2,3,5,6,7,10,11,14 
2 7 = eee | 1 - - 4 10 
2 = 2 - | 13] - 5 7 : 
fe 2 % = { = 8 = = 
a ee " = ‘Ss 9 = ES 
- - - - 8 - 13 - - ul 
2 - 1 - | 8 . - - - 4 10 
- - 5 - | 13] - - - - 
is & 8 4 a = es = 
= on 9 # { a te 4 = 
~ = 1 2. 8 a a - 2 























+25°C +125°C 
Characteristic Max| Min| Ma 
Input 
Forward Current I, - [-1.33] - | -1.33 
Leakage Current In 1 - - 100 - 100 
5 = < = 
8 7 si a 
9 7 3 
13 - - eS 
Inverse Beta Current I 1 = - 100 | - 100 
iy - - - 
8 &, <. a 
9 = 3 « 
13 - - = 
Breakdown Voltage BV. ann 1 a - 15.5 - 5.5 - 
in"0 5 = = . 
8 Ge aa . 
9 7 z s 
13 - - - 
BViaoye | 2 . - [5.5] - [5.54 - 
5 = x 7 
8 - - ey 
9 2, = 5 
13 - = - 














brrag 
brea 
Horne 























i _ 
Boon 





berne 
terrae 
barn 

















prone 
Wet & a 











4 2,3,5,6,7,10,11,14 
1,2,3,6,7,10,12,14 

1,2,3,5,6,7,9,10,12,14 

1,2,3,5,6,7,8,10,12,14 

1 0,11,14 


(continued) 
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ELECTRICAL CHARACTERISTICS (continued) & 13 TEST CONDITIONS 
Ky 14 
Test procedures are shown for only one Pe rf or ey 
J and K input, plus the SET, PRESET, and @3 @ Test 
RESET inputs. To complete testing, se- ae sy aken Temperature 
h h remaining J and K inputs 4307 
quence throug 9 Pp ze 55°C | 22.0/12.0 
in the same manner. 8 m 
MC2109", MC2159 | +95°¢ 
+125°C 
0°c 2.0 
MC2009*, MC2059 { +25°C | 22.5/12.5 2.0 
+75°C | 22.5/12.5 |-1. 2.0 | 0.45 
MC2109, MC2159 Test Limits MC2009, MC2059 Test Limits /NOLTAGE 
+25°C | +125°C +75°C 
Characteristic Min | Max Min[ Max] Unit} lou | lon | bin | 2 bin] Vin Gnd 
Clock Input 
- - - - - - 1,2,5,6 - . : 4 3,10 
Forward Current 7,8,9,13,14 , 
Leakage Current In 3 - | 150] - - - - - - 3 - - - 4 1,2,5,6,7,10,14 
Inverse Beta Current I 3 - 200 | - 13 - 3 - - - 4 10 
v 3 | - | 200] - 8.:'oe 3. | - | - | 4 10 
Breakdown Voltage BY anor 3 5.5 - 15.5 13 a - - a a 4 10 
‘ 3 5.5 | - {5.5 8 - - - - - 4 10 
BViana | 3 [5.5] - [5.5 - - - - - - 4 1,2,5,6,7,10,14 
Output : 
Output Voltage Vout "0" 12 - 10.45 12 - - - = - = ba 13 - 4 3,8,10 
11 - - - - zs - - 9 - { 3,10,13 
11 - - - = = - - 8 - 3,10,13 
Vout 12 - 12 - - - - - 13 = - 4 8,10 
out "1 = lt s x = S s 9 = S { 10,13 
a 11 - - - - - 8 - . 10,13 
Leakage Current - - “ - - - - - - 12 4 1,2,3,5,6,7,8,9,10,13,14 
- - - - - | - - - - | 4 1,2,3,5,6,7,8,9,10,13,14 
Short-Circuit - - - - - - - - - - 4 1,2,3,5,6,7,8,9,10,12,13,14 
Current a - - - -|- - 3 - - 4 | 1,2,3,5,6,7,8,9,10,11,13,14 
Output Voltage 12 - - - 4 3,8,10 
11 & es - t 3,10,13 
11 6 - 7 3,10,13 
x 12 - 4 8,10 
- 11 - | 10,13 
- 1 “ : 10,13 
Power Requirements 
(Total Device) : : 
Power Supply Drain Ipp 4 - 12 - 12 - 12 - 14 - 14] - 14 |mAdc - - - - - - - - - - 4 3,10,13 
lbp 4 - 12] - 12 | - 12] - 14] - | 14] - 14 |mAde 2 - - - - - - - - - 4 3,8,10 
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* Prime Fan-Out. 


MC2109, MC2159/MC2009, MC2059 (continued) 


OPERATING CHARACTERISTICS 


Clock fall time < 100 ns. 
Triggers on clock pulse widths > 15 ns. 


Provides direct SET, PRESET, and RESET inputs. The 
application of a 0" state to 8 or 9, sets OQ high; ‘‘O" state 
to 13, resets Q low. The clock must be in the low state 
when these functions are performed. 


Data at the J and K inputs must be present before the 
clock goes to a high state. If the information on the J and 
K inputs is changed while the clock is in a high state, the 
flip-flop will require typically 300 ns to recognize a "1" 


state to ‘‘O'’ state information change on the J and K 
terminals. The flip-flop will require typically 6.0 ns to 
recognize a "0" state to “1” state change. 

Negative edge triggering — When the clock goes from 
the high state to the low state, the information in the 
temporary storage section is transferred and the Q and a 
outputs will respond accordingly. While the clock is in a 
low state, the J and K terminals are inhibited. 

Unused J and K inputs should be tied to the clock or 
to 2.0 to 5.0 Vdc. PRESET and SET are tied to Q; 
RESET is tied to Q. 


FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT 


ae 


SWITCHING TIMES 
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sos [w [vx [2 


30 |5.0 | 5.0 |5.0 | 1.0 








MC2109, MC2159/MC2009, MC2059 (continued) 


FIGURE 2 — J-K TERMINAL CHARACTERISTICS TEST CIRCUIT 
suis : _— 










INPUT VOLTAGE WAVEFORMS AND DEFINITIONS 





Enable Mode Test: 
The device under test shall toggle when 
VEN = 1.8 Vde +1% is applied. 
nhibit Mode Test: 
The device under test shall NOT toggle when 
VINH = 1.2 Vde +1% is applied. 








FIGURE 3 — SET-RESET-PRESET TER 


se 


MINAL CHARACTERISTICS TEST CIRCUIT 














VOLTAGE WAVEFORMS AND DEFINITIONS 


SYMBOL VALUE UNIT 


tPost 
ton 
tott 
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MC2110 - MC2160 
MC2010 - MC2060 


The MC2110, MC2160, MC2010, and MC2060 are clocked 
flip-flops that trigger on the negative edge and are internally 


wired to perform the J-K logic function. Each flip-flop has a 
| . positive logic AND-OR input gating configuration that con- 
sists of two clocked J inputs ANDed together, two clocked K 
inputs ANDed together, two clocked L inputs AN Ded together, 
and two clocked M inputs ANDed together. The J and the L 
inputs are ORed together and the K and the M inputs are 
ORed together. A direct SET is also available. 
is) Bes In normal operation, information is changed on the clocked 
inputs while the clock is in a low state, since the inputs are 
inhibited in this condition. information is read into a temp- 
orary memory through the AND-OR input gating when the 
clock is in the high state. When the clock returns low the infor- 
mation in the temporary memory is transferred to the bi- 
stable section and the Q and the OG outputs respond accord- 
+H} = ingly. The information on the clocked inputs should not be 
changed while the clock is high. 
| | <1 Each flip-flop can be set directly by applying a low state 
to the direct SET input. Since each flip-flop is a charge stor- 
age device there is a restriction on the clock fall time that 
must be observed. 
The AND-OR input configuration of each flip-flop makes 
it very useful for shift right/shift left registers and for up/ 
down counters. 





M2 13 
My 14 

Ko 1 

K? 2 
ELOCK 3 
Jy 5 
6 

Ly 7 

ty 3 

SET 9 





X = Don’t Care 
Where J = J4° Jo 


L=lyelg 
K=Ky*Ko 
M=M4*Mo 





Total Power Dissipation = 50 mW typ/Pkg 
Switching Times: 


ton = 20 ns typ 
toff = 13 ns typ 








INPUT LOADING (le) 
FACTOR F 


OUTPUT DRIVE (low) 
ALL ALL 
2.00 


11 MC2100 series Gates (22.0 mA) 















TEMPERATURE 
RANGE 






ae Re —559 co} 
0.66 {(—4.0 mA) (1.33 mA) 6 MG2100 series Gates (12.0 mA) 55°C to +125°C 


MC2010 9 MC2000 series Gates (22.5 mA) o °, 
MC2060 2.00 0.66 (—8.0 mA) (1.66 mA) | § mic2000 series Gates (12.5mA)| O° t2 +75°C 
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c8-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one J, 
one K, and the SET input. The remaining 
J, K, L, M inputs are tested in the same 
manner. 











+125°C 





@ Test 

Temperature 
—55°C 
+25°C 
+125°C 
orc 
+25°C 
+75°C 


MC2110", MC2160 


MC2010*, MC2060 


MC2010, MC2060 Test Limits 
orc +25°C 


Min | Max | Min | Max 



































TEST CONDITIONS 
mA Volts 
—_ 
lor lou 
Pr | Std] Pr | Std] lin |2 lin} 4 lin] Yn} Vin] Ve | Vena Vout 
22.0[12.0[-1.5]-0.7] 1.0] 2.0 [40 ]0.45|2.6 [40 [55] 5.0] 
22.0 | 12.0] -1.5 |-0.7| . 45] 2.8 5.0 
[22.0 12.0] -1.5 [-0.7] 1.0] 2.0[ 4.0[0.45]2.8[ 4.5 .9 | 5.5 | 5.0 
22.5 [12.5[-1.2|-0.6|1.0[2.0]40[0a|s.0] as [29]i1] ss] 50 
m.5ia.s[-i2|-0.6[t.o[2o[«o]od[s.o[ 45 [1elia}ss|so 


TEST CURRENT. 














r 


- | -1.66 -1.66| mAdc 


























Characteristic Symbol | Test Max | Min | Max 
Input 
Forward Current I, 1 - [-1.33) - [-1.33) - | -1.33f - | -1.66 
5 S ‘s 
9 = = 
Leakage Current In 1 - 100 - 100 
5 = = 
si: {+t}: 4 
Inverse Beta Current I 1 - 100 - 100 
5 : 
9 é 
Breakdown Voltage BY. nor 1 5.5 is 
5 
oft 
BVA sd : 5.5 5.5 
ot { 
Ip - . 


Clock Input 


Forward Current 














Leakage Current 














Inverse Beta Current 





Output (For set Only) 
Output Voltage 








/ VOLTAGE APPLIED TO PINS LISTED BELOW: 


tor | tow | tn [2 Sn] Me 








Gnd 


Se 
1,9,10 


5,10,11 


3,9,10,11 














9,10 
10,11 
10,11 


9,10 
10,11 




















Leakage Current 


Short-Circuit 
{_ Current 


Output Voltage 

















Breakdown Voltage 





Power Requirements 
(Total Device) 


Power Supply Drain 






























































* Prime Fan-Out @ Momentarily ground pin prior to taking measurement at terminal. 













me [a en [ee [eo le | 


10,11 
2,3,5,6,7,8,10,11,13,14 


1,2,3,6,7,8,9,10,12,13,14 
1,2,3,5,6,7,8,10,12,13,14 


3,10 





cs 


pm fala ota 


- 


1,2,5,6,7,8,10,13,14 





9,10 
10,11 
10, 11 
10, 12 
1,2,5,6,7,8,10,13,14 





1,2,3,5,6,7,8,10,11,13,14 
1,2,3,5,6,7,8,9,10,13,14 








1,2,3,5,6,7,8,10,11,12,13,14 
1,2,3,5,6,7,8,9, 10,11, 13,14 
3,10,11 
3,10, 12 














































3,10 

3,10 

1,2,3,5,6,7,8,10,11,13,14 
1,2,3,5,6,7,8,9,10,13,14 





3,10,12 
3,10,11 
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MC2110, MC2160/MC2010, MC2060 (continued) 


OPERATING CHARACTERISTICS 


Clock fall time < 100 ns. 


Triggers on clock pulse widths == 15 ns. 


The application of a 0” state to the SET will cause O to go 
to the “1” state. The clock must be in the low state when this 
function is performed. ° 


Data at the clocked inputs must be present before the clock 
goes to a high state. If the information on the clocked inputs is 
changed while the clock is in a high state, the flip-flop will require 
typically 300 ns to recognize a 1" state to 0’ state change. 
The flip-flop will also require typically 6.0 ns to recognize a ‘‘0” 
state to ‘1"" state change. 






































M 

qa 
K 

Cc 

J 

_a 

5 
i 
SWITCHING TIMES 

















Negative edge triggering — When the clock goes from the high 
state, the information in the temporary storage section is trans- 
ferred; and the Q and G outputs will change accordingly. While 
the clock is in a low state, the J, K, L, and M terminals are 
inhibited. 


Unused Inputs: 
Single unused J, K, L, and M inputs should be tied to the used 
input, to the clock input, or to 2.0 to 5.0 Vdc. 


If both J, K, L, or M inputs are unused, they MUST be tied to 
ground. 


Unused SET is tied to OQ. 


FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT 





VOLTAGE WAVEFORMS AND DEFINITIONS 
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MC2110, MC2160/MC2010, MC2060 (continued) 


FIGURE 2 — J-K-L-M TERMINAL CHARACTERISTICS TEST CIRCUIT 


INPUT VOLTAGE WAVEFORMS AND DEFINITIONS 








Enable Mode Test: 
The device under test shall toggle when 
VEN = 1.8 Vde +1% is applied. 

Inhibit Mode Test: 

The device under test shall NOT toggle when 

VINH = 1.2 Vdc +1% is applied. 









FIGURE 3 — SET TERMINAL CHARACTERISTI 


CS TEST CIRCUIT 


es 





SYMBOL VALUE UNIT 
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DUAL 4-INPUT EXPANDER FOR 
“AND-OR-INVERT” GATES 


MC2106 - MC2156 
MC2006 - MC2056 


€ 





APPLICATION: EXPANDABLE 2-WIDE 4-INPUT, “AND-OR- 


ONOToOVY=f WNOCT WN 


INVERT” GATE WITH A DUAL 4-INPUT EX- 
PANDER CONNECTED. 


EXPANDER 


MC2106 
“MC2156 
MC2006 
MC2056 


MC2100 
MC2150 
MC2000 
MC2050 


EXPANDABLE 
GATE 


POSITIVE LOGIC 


12=(14¢1¢2°3)+(5°6°7°8)+(5*6*7°8)+(14°1% 2° 3) 
ee 


EXPANDABLE GATE EXPANDER 
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MTTL 11 MC2100/2000 series 





This device consists of two independent 4-input 
AND gates. The outputs of each gate are made avail- 
able as ORing nodes. Using the MC2102 series and the 


’MC2106 series with any one of the basic expandable 


gates, up to 10 AND gates can be ORed together. 


Collector 

14 -Si2 
2 \ 

3 — 413 
Emitter 
Emitter 

5 _\9 

i \ 

8 -4u1 
Collector 


Total Power Dissipation = 14 mW typ/Pkg. 
Propagation Delay Times: 
Atod =+1.0 ns typ 
When added to the expandable 
AND-OR-INVERT gates. 
Atpg/PF = +0.7 ns/pF typ 
Caused by additional capacitance 
at expansion points. 


INPUT 
TEMPERATURE 
LOADING (Ip) 
MC2106 
Me2i 56 1 —2.0mA —55°C to +125°C 
wemme [1 -aana | orev ese 


Full output loading factor of the expandable gate is maintained. 










Vce. VoH TEST CIRCUIT 


Vena. 
Vtho” 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
expander. The other expander is tested in 
a similar manner. Further, test procedures 
are shown for only. one input of the ex- 
pander being tested. To complete testing, 
sequence through remaining inputs. 


Collector 


14 —Si2 

2 N 

3 313 
Emitter 


Emitter 


=e ae 


Collector 


Cora) 


Temperature 


MC2106, MC2156 






@ Test 





TEST CONDITIONS 














+25°C| 6.0 

















+125°C| 6.0 
























Characteristic 








Input 


Forward Current 












































































1,10 
Leakage Current - 2,3,10,14 
Inverse Beta Current I 1 - 100 - 100 - = 10 
Breakdown Voltage BV, ror 1 5.5 - 5.5 - 5.5 = 10 

BV. yin 1 5.5] - | 5.5] - | 5.5 - 2,3,10,14 

Output 

Output Voltage - 10 
- 10 








Leakage Current 


Power Requirements 
(Total Device) 


Maximum Power 








Supply Current 
Power Supply Drain 













































































* Indicated pins tied to Vc thru. 800 ohms + 1.0% resistor. 
** Indicated pins tied to Vocy thru 800 ohms + 1. 0% resistor. 


t Ground inputs to gate not under test during ALL tests, unless otherwise noted. 
t The inputs of both gates must be ungrounded. 
@® Vck is referenced to the emitter voltage (Pin 13). 


@ Pin 9 ties to Pin 13. Pin 12 ties to Pin 11. 


The other gate is referenced to (Pin 9). 


4 ee 
10f 


-  |1,2,3,10,14 
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4-WIDE 3-2-2-3 INPUT EXPANDER 
FOR “AND-OR-INVERT” GATES 


MTTL I! MC2100/2000 series 





MC2102 - MC2152 
MC2002 - MC2052 


APPLICATION: EXPANDABLE 4-WIDE “AND-OR-INVERT” 
GATE WITH A 4-WIDE 3-2-2-3 INPUT EX- 


PANDER CONNECTED. 


EXPANDABLE EXPANDER 
GATE 


= 
rs 


YON OO WN = 


MC2102 
MC2152 
MC2002 
MC2054 MC2052 


EXPANDER (MC2102) 
POSITIVE LOGIC 


ak ES 
11=(13 © 146 1) +(2¢ 3) + (50 6) 417° Be 9) +(146 1) + (Ze 3) + (50 6) +(7¢ Be 9) 
Pa or eee! |; Sener ee eee eee On | 


EXPANDER 





Rw wa D® Noo 


334 
Wa 


This device consists of two 2-input and two 3-input 
AND gates ORed together with the common ORing 
nodes made available as the output. The basic expand- 
able gate can be expanded up to 10 AND gates by 
using the MC2102 series or the MC2106 series expand- 
er package. 








13 

14 
1 

12 

2 Emitter 
3 _r 
5 oa 
6 Collector 11 
7 
8 
9 


Total Power Dissipation = 28 mW typ/Pkg. 
Propagation Delay Times: 
Atod = +2.0 ns typ 
When added to the expandable 
AND-OR-INVERT gates. 
Atpg/PF = +0.7 ns/pF typ 
Caused by additional capacitance 
at expansion points. 


INPUT 
LOADING (Ie) TEMPERATURE 
| senves | FACTOR ia RANGE 
mezie2 1 —2,0 mA —55°C to +125°C 


Full output loading factor of the expandable gate is maintained. 






Vce, VoH TEST CIRCUIT 


Vina 


EXPANDABLE GATE 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one in- 
put of the device. To complete testing, se- 
quence through remaining inputs in the 


same manner. 


13 
14 

1 

2 Emitter 12 
3 = 

i my 
6 Collector 11 
z 

8 

9 


MC2102 , MC2152 


MC2002 , MC2052 





MC2102, MC2152 Test Limits 





MC2002, MC2052 Test Limits 





TEST CONDITIONS 


=I 

































































+25°C | +125°C rc | 
Min | Max | Min | Max | Min | Max 


at | 

























































Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 





Characteristic Symbol Min| Max Ves [Vin [val Vout | Yer Vem [Vee ¥ Gnd 
Ha Current I, I -2. 5 eal 1,10 
Leakage Current Tp 100 2335.87. 
Inverse Beta Current I 2,3,5,6,7,8,9,16 
Breakdown Voltage BV. ng 2,3,5,6,7,8,9,10) 
, man va 
yeah Voltage 2,3,5,6,7,8,9,10 
rien 
ree Current De erg 
9,10,13, 





15 














4 | 1,2,3,5,6,7,8, 
9,10,13,14 





[ Power Supply Drain 





Topy Ta 


Topi 














- | 414] - : 
= 6.0 - 6.0 
- | 85] - | 85 








—L 











7.2 


10.5 





























10 
1,2,3,5,6,7,8, 
9,10,13,14 





* Indicated pins tied to Vcc thru 800 ohms + 1.0% resistor. 
** Indicated pins tied to Vecy thru 800 ohms + 1.0% resistor. 
@® Veg is referenced to the emitter Voltage (Pin 12), 
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MU UTE UBL 
INTEGRATED CIRCUITS 
MC3000 SERIES 


oO) 
a 
+ 


ee O00 


INTEGRATED CIRCUITS 


INDEX 


Numerical Index (Functions and Characteristics) 
Logic Diagram Summary of Devices Available 
General Information 
Introduction 
‘Typical Characteristics 
NAND Gates 
AND Gates 
AND-OR-INVERT Gates 
Expander and Expander Nodes 
NOR Gates 
OR Gates 
Power Gates 
Line Drivers 
Operating Characteristics of Flip-Flops 
Breadboarding Suggestions 
Power and Ground Distribution 
Bypassing 
Power Dissipation 
Unused Inputs and Unused Gates 
Maximum Ratings 


Definitions 
Packaging 
DEVICE SPECIFICATIONS 
GATES 
MC3015 Single 8-Input NAND Gate 
MC3010 Dual 4-Input NAND Gate 
MC3020 Expandable Dual 2-Wide 
‘2-Input AND-OR-INVERT Gate 
MC3005 Triple 3-Input NAND Gate 
MC3001 Quad 2-Input AND Gate 


MC3000 Quad 2-Input NAND Gate 
MC3002 Quad 2-Input NOR Gate 
MC3003 Quad 2-Input OR Gate 


POWER GATES 


MC3026 Dual 4-Input AND Power Gate 
MC3025 . Dual 4-Input NAND Power Gate 
EXPANDER 


MC3030.. _ Dual 4-Input Expander 
for AND-OR-INVERT Gates 


LINE DRIVERS 


MC3028 Dual 3-Input 3-Output AND Series 


Terminated Line Driver 


Page No. 


4-91 
4-92 


4-95 
4-96 
4-96 
4-96 
4-97 
4-97 
4-97 
4-97 
4-97 
4-98 
4-99 
4-100 
4-100 
4-100 
4-100 
4-100 
4-100 
4-101 
4-101 


4-102 
4-104 
4-106 


4-108 
4-110 
4-112 
4-114 
4-116 


4-118 
4-120 


4-122 


4-124 


MC3029 Dual 3-Input 3-Output NAND Series 4-126 


Terminated Line Driver 


FLIP-FLOPS 
MC3050 AND J-K Flip-Flop 
MC3052 AND Input JJ-KK Flip-Flop 
MC3060 Dual Type D Flip-Flop 
MC3061 Dual J-K Flip-Flop 
MC3062 Dual J-K Flip-Flop 


4-90 


4-128 
4-133 
4-138 
4-141 
4-145 


Vec = 5.0 V, Ta = 25°C 


NUMERICAL INDEX 
(Functions and Characteristics) 















































































































Output “on | Power 
Loading Delay Dissipation 
Factor tod mW Page 
Function Type Each Output ns typ typ/pkg 
Quad 2-Input NAND Gate Mc3000 10 li 6.0 ‘i 88 
Quad 2-Input AND Gate MC3001 | 10 9.0 Bt 112 
Quad 2-Input NOR Gate a MC3002 10 | 6.0 122 
Quad 2-Input OR Gate MC3003 10 9.0 150 
Triple 3-Input NAND Gate J MC3005 10 6.0 66 
[oat 4-Input NAND Gate MC3010 10 6.0 | 44 
— 8-Input NAND Gate { MC3015 10 8.0 22 
Exgangne ual 2yide Zine [coon | 10 so eas 
Dual 41nput NAND Power Gate L MC3025 20 6.0 Ie: 70 
Dual 4-Input AND Power Gate MC3026 ig 20 9.0 zal 90 
aalsmentoumeeerm | wen | «| 80 : 
= ——s 
Diigo Sone NAHO ERIS, |) ees so | 
el eae meow f= | fi 
AND J-K Flip-Flops MC3050 if 10 ay f= 40 MHz 
AND Input JI+KK Flip-Flop { MC3052 10 f= 40 MHz 
Dual Type D Flip-Flop MC3060 Is 10 a f = 30 MHz 
Dual J-K Flip-Flop MC3061 10 f= 50 MHz 























Dual J-K Flip-Flop 


*Direct Output = 10 minus the number of resistor-terminated outputs being used. 


MC3062 


**Eull output loading factor of the expandable gate is maintained. 
*** Atog = +1.0 ns typ when added to the expandable AND-OR-INVERT Gate. 
Atpg/PF =+1.0 ns pF typ caused by additional capacitance at expansion points. 
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f= 50 MHz 








LOGIC DIAGRAMS 


MC3000 
Quad 2-Input NAND Gate 


tpg = 6.0 ns typ 
Pp = 88 mW typ/pkg 


MC3003 
Quad 2-Input OR Gate 


tod = 9.0 ns typ 
Pp = 150 mW typ/pkg 


MC3015 
Single 8-Input NAND Gate 


Sasa 
QN=OfWN= 


a 
8=1°2°3¢4+10¢11°12°13 


tod = 8.0 ns typ 
Pp = 22 mW typ/pkg 


MC3001 
Quad 2-Input AND Gate 


3=1¢02 
tod = 9.0 ns typ 
Pp = 112 mW typ/pkg 


MC3005 
Triple 3-Input NAND Gate 


= 


1 
Bf 
a. = 
3 
4 
— p— 
— > 
re) 
1 


awe 


12=1°2013 


tpd = 6.0 ns typ 
PD = 66 mW typ/pkg 


MTTL Il MC3000 series 


MC3002 
Quad 2-Input NOR Gate 


tod = 6.0 ns typ 
Pp = 122 mW typ/pkg 


MC30 
Dual 4-Input NAND Gate 


6=1+2+4+5 


tod = 6.0 ns typ 
Pp = 44 mW typ/pkg 


MC3020 
Expandable Dual 2-Wide 2-Input 
AND-OR-INVERT Gate 


10 

13 

1 

Emitter 11 
Collector 12 
2 


8 = (9 10) + (1361) + (Expanders) 


tod = 6.0 ns typ 
Pp = 62.5 mW typ/pkg 
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LOGIC DIAGRAMS (continued) 


POWER GATES 





MC3025 MC3026 
Dual 4-Input NAND Power Gate Dual 4-Input AND Power Gate 


6=1+2°4+5 





tod = 6.0 ns typ tod = 9.0 ns typ 
Pp = 70 mW typ/pkg Pp = 90 mW typ/pkg 
Do D 


LINE DRIVERS 


Mc3028 MC3029 
Dual 3-Input 3-Output AND Dual 3-Input 3-Output NAND 
Series Terminated Line Driver Series Terminated Line Driver 


- 5 
i 6 
4 
9 
8 
10 

4,5,6,=1°203 4,5,6=1e2°3 


tod = 9.0 ns typ tod = 6.0 ns typ 
Pp = 56 mW typ/pkg Pp = 44 mW typ/pkg 


EXPANDER 


MC3030 
Dual 4-Input Expander for 
AND-OR-INVERT Gates 


Collector 


---\¥12 
Atoa =+1.0 ns typ 
---» 11 When added to the expandable 
Emitter “AND-OR-INVERT” gate. 
Atpa/PF = +1.0 ns pF typ 
Caused by additional capacitance 


Emitter at expansion points. 


——-¥10 Pp = 15 mW typ/pkg 
—-_-%3 
Collector 





4-93 


LOGIC DIAGRAMS (continued ) 


FLIP-FLOPS 





MC3050 MC3052 
AND J-K Flip-Flop Input JJ-KK Flip-Flop 


SET 9 


Where: 
J=J1 032 653 + JK 
K=K1¢ K2¢ K3e JK 


Where: 
J=J1¢J2¢I3¢ JK 
K=K1¢ K2° K3¢ JK 


f= 40 MHz 
Pp = 75 mW typ/pkg 


f= 40 MHz 
Pp = 80 mW typ/pkg 


MC3060 MC3061 
Dual Type D Flip-Flop Dual J-K Flip-Flop 


SET 4 


as 
0 
oO 
oO 
oO 
1 
1 
1 
1 


++00-+00) 2 

{2} 

O--=-=00-+0 pe 

‘ 3 
zrzsecccel¢| 
++00-+000/z| 
+e+e+0+00/9| 
(e} 
O33300-00/3 
= 





0 2 SET 4 


J 3 


RESET 1 K 2 a 


SET 10 Ste 
CLOCK 13 a 


CLOCK 3 


012 RESET 1 


J11 
K12 


SET 10 


CLOCK 11 


RESET 13 


| [Pn [Ones] 


On+1 =D_ 


[One| 
ie) 
1 
ie} 
oO 
1 
1 
1 
i) 





f = 30 MHz f= 50 MHz 
Pp = 120 mW typ/pkg Pp = 100 mW typ/pkg 


MC3062 
Dual J-K Flip-Flop 


E 


K12 


J11 
CLOCK 13 


SET 10 


+a re00d| «| 

“ipensee| a] 

ze+0+0+0/9) 
ie) 
3 
=f 
= 





Qo 
1 
oO 
oO 
1 
1 
1 
is) 


f= 50 MHz 
Pp = 100 mW typ/pkg 
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MTTL fil 





INTRODUCTION 


MTTL III integrated circuits are designed with speed ap- 
proaching the limit for saturated logic and for good load 
driving capability. This line includes all the characteristics 
that have made transistor-transistor logic so popular. The 
major advantage of MTTL III over other TTL lines is the 
square transfer characteristic (Figure 1) that exists only 
for the MTTL III family. Because of this “ideal” transfer 
characteristic, the MTTL It family is the only TTL line 
that is truly compatible with MDTL. Another advantage 
of this family over competitive TTL lines is that it is de- 
signed to minimize problems associated with ringing. 

The circuits in the MTTL III family are distinguished 
by a multiple-emitter input transistor, a darlington active 
“oull-up” in the upper output network, and an active by- 
pass network in the base of the output pull-down transistor 
as shown in Figure 2. 

The multiple-emitter input configuration offers the 
maximum logic capability in the minimum physical area 
and provides improved switching characteristics during 
turnoff. Clamp diodes are provided at each of the inputs 
to limit undershoot that occurs in typical system applica- 
tions such as driving long interconnect wiring. The 


FIGURE 1 — COMPARISON OF CONVENTIONAL 
TRANSISTOR-TRANSISTOR LOGIC AND MTTL III 
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Darlington output configuration provides very low out- 
put impedances in each of the two output states. These 
low impedances result in excellent ac noise immunity and 
allows high-speed operation while driving large capacitive 
loads. . 

The active bypass shown in the dotted area of Figure 2 
holds the phase inverter transistor ‘off’ until gate thres- 
hold is reached. This circuit operation provides the 
squared transfer characteristic shown in Figure 1. 

In addition to improving the transfer characteristic, 
thebypass network offers a number of advantages compared 
to a simple resistor that can be traced to a much smaller 
impedance variation with temperature. 


1. Lower bypass impedance for the reverse current 
of the output transistor at elevated tempera- 
tures, provides faster turn-off. 


2. A lower current spike during the turn-off tran- 
sient causes a lower ac power factor resulting in 
a lower total power consumption. This advan- 
tage is even more pronounced at higher tem pera- 
tures. 


3. Faster turn-on at low temperature. 


FIGURE 2 — TYPICAL MTTL If! CIRCUIT 











“NAND” GATES 


GENERAL INFORMATION The basic gate of the MTTL III logic-family is the positive 

SECTION logic NAND gate. This gate is characterized by high speed, good 
load driving capability, superior transfer characteristic, and freedom 
from ringing problems. Representative of the various NAND gates 
Presently available in the MTTL II! family is the 4-input NAND 
gate (% of the MC3010) shown in Figure 3, 





“AND” GATES 


While it is possible to design a complete logic system with 

NAND logic, it is often desirable to use other logic forms to save 

TYPICAL CHARACTERISTICS circuits, power dissipation, and Propagation delay. Therefore, 

the positive logic AND function has been added to the MTTL III 
family. 

Examples of the AND function are the standard quad 2-input 
gate, dual 4-input gate, dual 4-input power gate and a dual input, 
3-output line driver. 

The technique used to form the AND function is the addition 
of an inverter to the basic NAND circuit. As shown in Figure 4, 
the inverter transistor with a collector resistor and an offset diode 
connected to its emitter is inserted between the multiple-emitter 
input transistor and the basic circuit phase-splitter transistor. The 
extra inversion adds only 3.0 ns propagation delay and about 6.0 
mW additional power dissipation. 


FIGURE 3 — MTTL III POSITIVE LOGIC “NAND” GATE 
CIRCUIT 





% MC3010 











FIGURE 4 — MTTL III POSITIVE LOGIC “AND” GATE 
CIRCUIT 








(1) Assuming unused inputs are returned to voltage not 
greater than 4.0 Vdc. 


(2) The switching characteristics of the MTTL III family are 
defined with respect to the associated transitions of the 
voltage waveforms. The average propagation delay is de- 
fined as the average of the turn-on delay and the turn- 
off delay measured from the 1.5 V point of the input to 
the 1.5 V point of the associated output transition or: 


ton + toff 


tog: = ———_ ns 
ipd 2 





Rise time is defined as the positive going transition of the out- 
put from the 1.0 V to the 2.0 V level. Fall time is defined as 
the negative output transition from the 2.0 V to the 1.0 V 
level. 


% MC3001 
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“AND-OR-INVERT” GATES 


Unlike the MDTL family of logic circuits, the outputs of 
MTTL logic circuits cannot be tied together to perform the “‘Im- 
plied AND”, often called the ‘Wired OR” function. If the outputs 
of the MTTL family devices are tied together, the lower output 
transistor of one circuit and the upper output transistor of another 
circuit can be “on” simultaneously. This condition provides a 
low-impedance path from Vcc to ground, and due to excessive 
current flow, the saturated output state cannot be maintained and 
the desired logic function is not satisfied. 

To retain the logical advantages offered by the ‘‘Implied 
AND” with the speed and load driving capability of an active pull- 
up, the MTTL III family offers an AND-OR-INVERT Gate. The 
gate in Figure 5 incorporates two 2-input AND functions with out- 
puts that are ORed and inverted. The AND function is provided 
by two multiple-emitter input transistors (Q1a and Q1b). The OR 
and INVERT operation is accomplished by two paralleled tran- 
sistors (Q2a and Q2b) sharing a single collector resistor and a 
single bypass network. These paralleled transistors in turn drive 
the standard output. 

The common collector and emitter nodes of one gate in each 
package are available externally to permit expansion. 


FIGURE 5 — MTTL II! “AND-OR-INVERT” GATE 
CIRCUIT 








% MC3020 





EXPANDER AND EXPANDER NODES 


The ORing nodes of % the MC3020 dual AND-OR-INVERT 
Gate (Figure 5) are available for expanding the number of AND 
gates to four. Since these are comparatively high-impedance nodes, 
care should be taken to minimize capacitive loading on the expander 
terminals if switching speed is to be maintained. When an ex- 
pander is to be used with an expandable AND-OR-INVERT gate, 
it should be placed as close as possible to the gate being expanded, 
The increase in the average propagation delay per AND gate added 
to an expandable AND-OR-INVERT gate is typically 1.0 ns/AND 
gate. The increase in average propagation delay as a function of 
capacitance added to the expander nodes is typically 1.0 ns/pF. 


“NOR” GATES 


To save inverters, the system designer often needs the positive 
logic NOR function as well as the negative logic NOR available with 
the standard NAND gate. This capability is incorporated in the 
MTTL III line in the form of the MC3002, quad 2-input NOR Gate. 
The NOR gate is a modified AND-OR-INVERT gate with only a 
single emitter on each input transistor, as shown in Figure 6. 


“OR” GATES 


To provide the system designer with still another tool for opti- 
mum design, the MTTL III Series also offers the positive logic OR 
function. As shown in Figure 7, the OR is essentially a NOR gate 
with an additional inverter. 


POWER GATES 


Standard MTTL II! gates offer good load driving capability and 
high fan-out. In most systems, however, there are a few applica- 
tions that exceed the capability of a standard gate. The MTTL III 
power gates, shown in Figure 8, are designed to meet these require- 
ments with a minimum of additional circuitry. Available in both 
NAND and AND functions, the power gates feature output cir- 
cuitry designed to provide twice the fan-out of conventional gates: 
20 standard gate loads instead of 10. 


FIGURE 6 — MTTL III POSITIVE LOGIC “NOR” GATE 
CIRCUIT 








% MC3002 








FIGURE 7 — MTTL II! POSITIVE LOGIC “OR” GATE 
CIRCUIT 











% MC3003 7 
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LINE DRIVERS 


To minimize switching transients on long lines, the MTTL III 
family includes dual 3-input/3-output series-terminated line drivers, 
Two outputs have 75-ohm resistors in series with the standard out- 


put node, and one is connected directly to the node. A good — 


match can be made at the output of each resistor when driving 
93-ohm coax or 120-ohm twisted pair. For loads of 50 to 93 
ohms, the two resistive outputs are paralleled for impedance match- 
ing. The non-resistive output can be used to drive adjacent loads 
in a normal fashion. The total number of output loads connected 
to the direct output (non-resistive output) is the standard fan-out 
of 10, minus the number of resistor terminated outputs being used. 


Figure 9 shows 1/2 of the circuit of the MC3029, dual 3-input, 
output series terminated NAND line driver. Figure 10 shows a 
typical application of this circuit and Figure 11 demonstrates the 
effects of series termination without a significant loss in high 
state noise immunity. 


FIGURE 8 — MTTL III POWER GATE CIRCUIT (AND) 








mane 





% MC3026 





FIGURE 9 — MTTL III TERMINATED LINE 
DRIVER (NAND) 








7 
GND 


% MC3029 
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FIGURE 10 — TYPICAL APPLICATION OF THE LINE 
DRIVER 


c 


F.O.=1 
Zo~93Q 2 


: “1 0.51 


FIGURE 11 — EFFECTS OF SERIES TERMINATION 
WITH A MTTL II! GATE DRIVING A 93-OHM LINE 
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OPERATING CHARACTERISTICS OF FLIP-FLOPS 


The cornerstone of any modern logic family is the capability of 
its storage elements. The MTTL III flip-flops are designed to give 
maximum logic performance with fewer system restrictions than 
their predecessors. Three basic designs are typified by the MC3050, 
MC3060 and MC3061/MC3062. Common to all designs are: 


1. Edge clocking. 


The flip-flop is clocked at the normal MTTL III thres- 
hold voltage (approximately 1.5 V @ 25°C). 


Overriding asynchronous inputs. 


The direct SET and RESET inputs control the operation 
of the flip-flop regardless of the state of the clock or the 
information on synchronous inputs. 


GENERAL INFORMATION 
SECTION 





3. Short set-up, times. 


Prior to the clocking edge, the input information must 
become stable. The MTTL II! flip-flops require only a 
minimum of time to read a “1” or a 0". Therefore 
data may be applied anytime in the clock period except 
during the time interval between the Set-up and Hold 
times. This characteristic permits higher clock frequen- 
cies or eliminates the necessity for critical control of 
clock pulse width, “ 


4. All inputs to the storage elements including the clock 
input have inputs that are compatible with all three 
MTTL families. 


FIGURE 12 — LOGIC DIAGRAMS OF EDGE-CLOCKED 
MTTL I FLIP-FLOPS 


MC3060 





The MC3050 and MC3060 flip-flops are positive edge triggered 
storage elements. That is, the inputs are enabled on the negative 
edge of the clock and the information is stored in the flip-flop on 
the positive edge of the clock. The MC3061 and MC3062 dual flip- 
flops are negative edge triggered devices and therefore operate in 
precisely the opposite manner, That is, data is stored on the nega- 
tive edge of the clock. 

In addition to the previously mentioned storage elements. The 
MC3052 Master-Slave flip-flop is also available. Data is stored in 
the Master flip-flop when the clock is low and transferred to the 
Slave flip-flop when the clock goes high. ‘ 

Detailed discussion of each of the MTTL II! flip-flops is pro- 
vided on the individual data sheets. 


FIGURE 13 — LOGIC DIAGRAM OF MTTL Wl 
MASTER-SLAVE J-K FLIP-FLOP 
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BREADBOARDING SUGGESTIONS - 


When breadboarding with any form of high-speed, high-perform- 
ance TTL circuit, the designer must always be aware of the problems 
caused by very high switching speeds. These switching speeds, es- 
pecially the frequencies associated with the very fast rise and fall 
times of the circuits, are in the upper RF range and good high- 
frequency layout techniques should be used. The following bread- 
boarding suggestions will help the designer in his initial circuit lay- 
out. In many cases the breadboarding suggestions will have to be 
modified to meet the requirements of the designer's specific appli- 
cation. _ 


Power and Ground Distribution 


Special care should be taken to insure adequate distribution of 
power and ground systems. The typical rates of change of current 
and voltage for a single MTTL III gate are in the range of 107 A/s 
and 108 V/s respectively. These figures reflect the necessity for a 
low-impedance power supply and ground distribution system, if 
transients are to be minimized and noise margins maintained. The 
use of AWG No. 20 wire or larger is often required. For printed 
circuitry, line widths of 100'mils or more are often necessary. A 
ground plane is desirable when using a large number of units. 


Bypassing 


To reduce supply transients, the breadboard should be bypassed 
at the point where power is supplied to the board and at intervals 
throughout the board. The use of a single bypass capacitor at the 
output terminal of the power supply is not adequate in a bread- 
board utilizing the fast rise and fall time MTTL III circuits. A com- 
paratively large, low-inductance type capacitor (in the 1.0 uF range) 
is suggested at the point where power and ground enter the board. 
In many cases it has been found that distributing 0.01 uF capaci- 
tors for every five packages throughout a breadboard is adequate 
to suppress normal switching transients. It is also suggested that a 
bypass capacitor be placed in close proximity to any circuit driving 
a large capacitive load. 


GENERAL INFORMATION 


SECTION 





Power Dissipation 


The typical average dc power dissipation is given for each MTTL 
IIT device (3). It should be noted that the totem-pole output com- 
mon to all high-level MTTL circuits has an associated ac power dis- 
sipation factor. This factor results from the timing overlap of the 
upper and lower output transistors during the normal switching op- 
eration and is typically 0.4 mW/MHz/output for a 15-pF load. 
This ac power dissipation should be added when calculating the 
total power requirements of the MTTL III circuits. 


Unused Inputs and Unused Gates 


To minimize potential problems resulting from external noise, 
the unused inputs of any MTTL III logic circuit should not be left 
open, but should either be tied to the used inputs or returned to a 
voltage between 2.0 and 5.5 Vdc. (For flip-flops, see appropriate 
data sheet for additional detail.) If the unused inputs are returned 
to a voltage, care should be exercised. to insure that the absolute 
voltage between the most negative input level and that voltage 
does not exceed +5.5 volts. The total number of inputs that can 
be tied to the output of any driving gate is 25. (This is defined as 
high-state output loading factor.) It should be noted that the low- 
state output loading rules must still be maintained. The minimum 
logical ‘'1’’ level for the high-state output loading is summarized 
for Vcc = 5.0 V, Vit = 1.1 V, and IQH = -2.0 mA: VOH = 2.5 
volts minimum @ 0°C. 

To minimize power drain, the inputs of any unused gate ina 
Package should be maintained at the level that would place the 
outputs in the high state (the low power dissipation state). 





'IPoL + !PDH 
(3) Pp (Voc) 


where Ipp_ and Ippy are the typical current drains at Vcc = 
+5.0V. 


MAXIMUM RATINGS 


Value 








Supply Voltage — Continuous 


+7.0 





Supply Operating Voltage Range 





Input Voltage 





4.5 to 5.5 








Output Voltage 








Operating Temperature Range 








Storage Temperature Range — Flat Package 
Plastic Package 





—65 to +175 
—55 to +125 
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DEFINITIONS 





PACKAGING 


All MTTLIII integrated circuits 
are available in the TO-85 14 
lead flat package and TO-116 
dual in-line plastic package. 
Suffix “F'’ to the basic type 
number; to order plastic pack- 
age, add Suffix “P’’. 
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MC3015 


This device is an 8-input NAND gate. It is useful 
when processing a large number of variables, such as 
in encoders and decoders: 


reer 
AQAN=“OaWN— 
o 


Positive Logic: 
B=1°2°3°4°10¢11°12°13 
Negative Logic: 
B=1+2+3+4+10+114+12413 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 22 mW typ/pkg 
Propagation Delay Time = 8.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


950 + 1.0% 


—, Pout 


toa" 


= 1.0 MHz typ 7 1/4 MC3000 
= 100 ns 
5.54 0.5 ns 
te=5.540.5ns | éNG 


+1.5V 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
input of this device. To complete testing, 
sequence through remaining inputs in the 


same manner. 













Characteristic 
Input 


Forward Current 






Leakage Current 


Breakdown Voltage 


Clamp Voltage 





Output 
Output Voltage 


Short-Circuit 
Current 







(Total Device) 
Maximum Power 
Supply Current 


















Switching 
Parameters 
Turn-On Delay 


Turn-Off Delay 








HE pe 





Pin 
Under 


ONS0naN— 





MC3015 Test Limits 


@Test 
Temperature 

orc 
+25°C 
+75°C 












0°c 





+25°C 











| _+75°¢ 






























aT eee 
F tou [tour | ton | tn | | Vu | Mo peepee 


19 





Pee oe 0.4 
aoe [3.0 | -10 | 


TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 


uit | tour | tor [tow [tm [to [mm | vn |e | Ye | Yen | nue | Yoe 















1,2, 3, 4, 

10, 11, 12, 13} 
es ee 
10, 11, 12, 13 


2,3, 4, 10, 
11, 12, 13 


Volts 
v 





Nees 
[+e | - [eet es [as |= 
[40 [no feof es fas | as | 
pse[- [eofes Pest 





2,3, 4, 10, 
11, 12, 13 


2,3, 4, 10, 
11, 12, 13 








































1,2, 3, 4, 7, 
10, 11, 12, 13 









(panuiju0o) GLOEDIN 


MTTL tll MC3000 series 


DUAL 4-INPUT “NAND” GATE 





MC3010 


This device consists of two 4-input NAND gates. 
1/2 OF CIRCUIT SHOWN These gates may be cross-coupled to form a set-reset 
flip-flop. 


Vee 
14 


Peery 
WNOW UAN= 
oo o 


Positive Logic: 6=1-2-4-5 
Negative Logic: 6=14+42+4+45 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 44 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


950 + 1.0% 


3.5 vin] TPin 
ov 


PRF = 1.0 MHz typ 
PW = 100 ns 

tp = 5.54 0.5 ns 

te = 5.5 + 0.5 ns 





*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 4 

gate. The other gates are tested in the same 4 

manner. Further, test procedures are shown 2 

for only one input of the gate under test. 3 pe 
To complete testing, sequence through re- 

maining inputs. 










TEST CURRENT/ VOLTAGE VALUES 
Mmipcmia | Wee 









MC3010 Test Limits 
+25°C 
Min | Max 





















Characteristic 






Input 


Forward Current 











i 


Output 
Output Voltage 




























Short-Circuit 
Current 
Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 




















1,2, 4,5, 
9, 10, 12, 13 











































































teas 





Turn-Off Delay 


*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 





(panunuos) QLOEOIN 


te=5.5+0.5 ns 


EXPANDABLE DUAL 2-WIDE 
2-INPUT “AND-OR-INVERT” GATE 


MTTL II! MC3000 series 





MC3020 


1/2 OF CIRCUIT SHOWN t 


Vec 
14 


t Other half of circuit omits expander inputs. 





SWITCHING TIME TEST CIRCUIT 


= 1.0 MHz typ 

= 100 ns 

=§.5+0.5ns 

Expander pins should be left open 


when measuring switching times. 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-onm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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One side of this dual device consists of two 2-input AND 
gates ORed together and driving an output inverter. The other 
side consists of two 2-input gates ORed together, driving an 
output inverter, and the ORing nodes are available for ex- 
pansion. Up to four AND gates can be ORed together using 
the MC3030 expander. Care should be taken to minimize the 
amount of capacitance on the expander terminals in order 
to maintain switching speeds. 


9 
10 
13 
1 
Emitter 11 
Collector 12 
2 
3 
4 
5 
Positive Logic: 
8 = (9-10) + (13-1) + (Expanders) 





Negative Logic: 
8 = (9+ 10) - (13 + 1) - (Expanders) 





Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 62.5 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 


VOLTAGE WAVEFORMS AND DEFINITIONS 


tr tf 
55+05ns 55+0.5ns 


toa” 


LOL-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gate is tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 


maining inputs. 













Input 


Forward Current 


Leakage Current | oe 1 
Breakdown Voltage BV. in aa 


Clamp Voltage 










Output 
Output Voltage 































@Test 
Temperature 
0.3 | 0.50 
+25°C -10 | 0.3 | 0.55 | 1.1 | 1.8 | 0.4 











= 0.3 | 0.70 [os Lael 0.4 








TEST CURRENT / VOLTAGE 






















Short-Circuit 
Current 


Base- Emitter 
Voltage 





(Total Device) 
Maximum Power 
Supply Current 










Switching 
Parameters 


Turn-On Delay t 





lexe 






































do" 1,8 

















































































































*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test, 














(panunuos) OZOEOIN 


MTTL II MC3000 series 


TRIPLE 3-INPUT “NAND” GATE 


MC3005 





This package consists of three 3-input NAND gates. 


1/3 OF CIRCUIT SHOWN Each gate may be used as an inverter, or two gates 
may be cross-coupled to form bistable circuits. 


12 


= 


700 HAW WN 
oa 


as 


Positive Logic: 12=1- 2 +13 
Negative Logic: 12=1+2+13 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 66 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


tr tf 
5.5+0.5ns 5.5+0.5ns 


950 + 1.0% 


oe 7 TPout 
ov 
PRF = 1.0 MHz typ Cc, 1/4Mc3000 *pd“o tpaa” 
PW = 100 ns 
tT =5.54 0.5 ns 
te= 5.54 0.5 ns on 


TPout +1.5V 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which includes 
Probe, wiring, and load capacitances. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 


MC3005 Test Limits 


@Test 
Temperature 





+25°C +75°C 





Characteristic 
Input 


Forward Current 


Leakage Current In 1 - 80 - 80 - 80 wAde 


Clamp Voltage Vp 1 - - - -1.5 - - Vde 
Output 


Output Voltage 





Short-Circuit 
Current 


(Total Device) 


Maximum Power 
Supply Current 




















Turn-Off Delay 























9,10, 11, 13 












































*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 





(panunuos) GOOEDIN 


MTTL tt! MC3000 series 


QUAD 2-INPUT “AND” GATE 


MC3001 





This device consists of four 2-input AND gates. 
1/4 OF CIRCUIT SHOWN This non-inverting function is useful for optimizing 
logic design, or for direct implementation of standard 


logic equations. 


= 
3 
2 
4 

6 
5 
9 

8 
10 
12 

V1 
13 


Positive Logic: 3= 1.2 
Negative Logic: 3=1+2 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 112 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


tf 
§.5+ 0.5 ns 


3.5V 
ov 


PREF = 1.0 MHz typ Cr 

PW = 100 ns TPout 
t, = 5.5 + 0.5 ns 
te = 5.54 0.5 ns 


: : GND 
1/4 MC3000 ic pd "or" 


+1.5V 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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ELECTRICAL CHARACTERISTICS 


1 
2 
Test procedures are shown for only one 4 
5 
S 


TEST CURRENT/ VOLTAGE VALUES 


F en |= : — Ses 
manner, Further, tet procedures ae shown Temperate | fou { Tor | tow | be | To | Mu [Vor] Ye | Ye | Yen | Von | Mec] Voce | Veen | Yo 


for only one input ofthe gate under test. yo——L_)—* oc [a | [aof-][-[eifeofee[ as | ao | - [eofas fos] - | 








gate. The other gates are tested in the same 





< 





To complete testing, sequence through re 1 ssc [Te [ms [2ofzefwfirfiefoa[ as [ao | eo [oof esos | as | 
Sug. . W 
maining inputs ‘ scl | [aol - [= fosfusloates | ao | - [oles fos] - | 


TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 


















Pin MC3001 Test Limits 


Under orc | +28° 








+75°C 








Characteristic 
Input 


Forward Current 











Breakdown Voltage BV. 


Clamp Voltage Vp 


Output 
Output Voltage 








Short-Circuit 
Current 
Power Requirements 


(Total Device) 
Maximum Power 


Supply Current 











Power Supply Drain 





Switching 
Parameters 
Turn-On Delay 





Turn-Off Delay 






































*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates 
not under test to VRH . 





(panunucs) LOOE DIN 





QUAD 2-INPUT “NAND” GATE 


MTTL III MC3000 series 





MC3000 





1/4 OF CIRCUIT SHOWN 


Vee 








SWITCHING TIME TEST CIRCUIT 


950 + 1.0% 


3.5V lr TPin 


PRF = 1.0 MHz typ 


PW = 100 ns 
t,=5.54+ 0.5 ns 
te=5.54+0.5 ns 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 265 pF = total parasitic capacitance, which includes 
probe, wiring, and !oad capacitances. 
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1/4 MC3000 


This device consists of four 2-input NAND gates. 
Each gate may be used as an inverter, or two gates 
may be cross-coupled to form bistable circuits. 





Positive Logic: 3=1-2 
3= 


Negative Logic: 14+2 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 88 mW typ/pkg 


Propagation Delay Time = 6.0 ns typ 


VOLTAGE WAVEFORMS AND DEFINITIONS 


tf 
5.5+0.5 ns 





toao”” tea” 


TPout 


+1.5V 
GND 





ELL-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 









MC3000 Test Limits 


@Test 
Temperature 


orc 
+25°C 
+75°C 












TEST CURRENT / VOLTAGE VALUES 
Volts 















































T +25°C 


+75°C 





Max 


Min | Max 





Unit 




















Output 
Output Voltage 








(Total Device) 
Maximum Power 
Supply Current 


Power Supply Drain 
















































































Turn-On Delay Spano 


Turn-Off Delay toarae 













































1, 2,4, 5, 
9, 10, 12, 13 



















































* Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 
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MTTL 111 MC3000 series 


QUAD 2-INPUT “NOR” GATE 


MC3002 





This device consists of four 2-input NOR gates. 
Each gate may be used as an inverter, or two gates 


1/4 OF CIRCUIT SHOWN 
may be cross-coupled to form bistable circuits. 


1 
> 
4 
— 
9 

12 


NI 


Positive Logic: 3=1+ 





Negative Logic: 3=1¢02 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 122 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 





ineee 
ov 


PRF = 1.0 MHz typ 
PW = 100 ns 

t, = 5.5 + 0.5 ns 

te =5.540.5 ns 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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GLL-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gates are tested in the same 
manner. Further, test procedures are shown Temperature 
for only one input of the gate under test. 0°c 
To complete testing, sequence through re- 
maining inputs. 


+25°C 
+75°C 


Characteristic 
Input 


Forward Current 








TEST CURRENT/ VOLTAGE VALUES 


























Leakage Current 


Breakdown Voltage 





Clamp Voltage 








Output 
Output Voltage 





























Short-Circuit 
Current 
Power Requirements 
(Total Device) 
Maximum Power 
Supply Current 























Turn-On Delay 


Turn-Off Delay 


tpanon 

















*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 
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QUAD 2-INPUT “OR” GATE MTTL II! MC3000 series 





MC3003 


\ 
x 
This device consists of four 2-input OR gates. This 
1/4 OF CIRCUIT SHOWN non-inverting function is useful for optimizing logic 
design, or for direct implementation of standard logic 
equations. 
1 
— 
a 
ee 
9 
12 
2) >" 


Positive Logic: 3=1+2 
Negative Logic: 3= 1-2 


Input Loading Factor = 1 
Output Loading Factor = 10 


Total Power Dissipation = 150 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


a 
5.5+ 0.5 ns 


TL Z 
ov LSND 
pd" 
PRE = 1.0 MHz typ 1/4 MC3000 
PW = 100 ns 
t, = 5.5 + 0.5 ns 


te = 5.5 + 0.5 ns 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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LLL-v 




































1 
ELECTRICAL CHARACTERISTICS |) >—2 TEST CURRENT/ VOLTAGE VALUES 
Test procedures are shown for only one —) >— @Test Volts 
gate. The other gates are tested in the same & es 
manner. Further, test procedures are shown _) >— F, Temperature Flour | tous | 
for only one input of the gate under test. 1° 0c 
To complete testing, sequence through re- 2) >" +25°C 
maining inputs. 13 

+75°C 














MC3003 Test Limits 
+25°C 










+75°C 











Characteristic 








Input 
Forward Current 


Leakage Current 
Breakdown Voltage 


Output Voltage 















































Short-Circuit 
Current 
Power Requirements 


(Total Device) 
Maximum Power 
Supply Current 


Power Supply Drain’ 








































ee 
el 
9,10, 12,13 


el 


*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates 
not under test to Veu 


Switching 
Parameters 
Turn-On Delay 















Turn-Off Delay 
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DUAL 4-INPUT “AND” MTTL Itt MC3000 series 
POWER GATE 





MC3026 


This device consists of two 4-input AND power 
1/2 OF CIRCUIT SHOWN gates. Each gate is designed for driving high fan-out 
loads (20). Z 


Vec 
14 


aa 
WNOW TaN 
io) o 


Positive Logic: 6=1°2°4¢5 
Negative Logic: 6=1+2+4+5 


Input Loading Factor = 1.1 
Output Loading Factor = 20 


Total Power Dissipation = 90 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


tr tf 
5.5+05ns 5.5+0.5ns 


950+ 1.0% 950 + 1.0% 
TPout 


3.5V TPin i) Pa 
sae des —4 ani 


1/4 MC3000 


tpa'o” 


PRF = 1.0 MHz typ cy 
= 100 ns 
tp=5.5+40.5ns 
te= 5.54 0.5 ns 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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6LL-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
gate. The other gate is tested in the same 
manner. Further, test procedures are shown 
for only one input of the gate under test. 
To complete testing, sequence through re- 
maining inputs. 


@NOO GaNn= 






MC3026 Test Limits 


@Test 
Temperature 
orc 
+25°C 





ai 








+25°C 





| +75°C 








Characteristic 
Input 


Forward Current 





Output 
ontoat Voltage 








Short-Circuit 
Current 
Power Requirements 


(Total Device) 
Maximum Power 


Supply Current 






Power Supply Drain 
























Switching 
Parameters 
Turn-On Delay 





Turn-Off Delay 




















* Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates 


not under test to Yeu . 






TEST CURRENT/ VOLTAGE VALUES 


















-4.0 1.1 
-4.0 1.1 


Pee eo te Pere 0.4 



















1,2, 4, 5, 
9,10, 12,13 
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DUAL 4-INPUT “NAND” MTTL 111 MC3000 series 
POWER GATE 





MC3025 


This device consists of two 4-input NAND power 
1/2 OF CIRCUIT SHOWN gate circuits. Each gate is designed for driving high 
fan-out loads (20). 


Vee 
14 


aan 
WNOO OAaN= 
o fo) 


Positive Logic:6=1¢2¢4e5 
Negative Logic: 6=1+2+4+5 


Input Loading Factor = 1.1 
Output Loading Factor = 20 


Total Power Dissipation = 70 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 





eae 
ov 


PRF = 1.0 MHz typ 
PW = 100 ns 

ty = 5.54 0.5 ns 

te=5.5+ 0.5 ns 


tpa'1" 





*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
Probe, wiring, and load capacitances. 
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LOL-v 















TEST CURRENT/ VOLTAGE VALUES 
[| | 


ELECTRICAL CHARACTERISTICS 
Test procedures are shown for only one 2 

gate. The other gate is tested in the same 5 

manner. Further, test procedures are shown 2 

for only one input of the gate under test. 3 op 
To complete testing, sequence through re- 

maining inputs. 









MC3025 Test Limits 


Pin |} : 
Under orc +25°C +75°C 
in 


Min | Max | Min | Max | Min | Max 



















Characteristic 


Input 
Forward Current 

















1 - 2,4,5 7 



























Output 
Output Voltage . 














Power Requirements 


(Total Device) 
Maximum Power 
Supply Current 


Power Supply Drain| 


















1,2, 4,5, 9, 
10, 12, 13 





















Turn-On Delay tparon 


Turn-Off Delay bana, 1,6 - - - 12 = e 


*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 
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DUAL 4-INPUT EXPANDER MTTL II! MC3000 series 
FOR “AND-OR-INVERT” GATES 


MC3030 





This device consists of two independent 4-input 


1/2 OF CIRCUIT SHOWN AND gates. The outputs of each gate are available as 
Vée ORing nodes. Using the MC3030 expander, with the 
14 MC3020 expandable gate, up to four AND gates can be 


ORed together. 


Collector 
---\12 
———-%11 
Emitter 
Emitter 


——-410 
——-\9 
Collector 


Input Loading Factor = 1 


Full output loading factor of the expandable 
gate is maintained. 


WON=8 


aons 


Total Power Dissipation = 15 mW typ/pkg 
Propagation Delay Time: 
Atpg = +1.0 ns typ 
When added to the expandable 
“AND-OR-INVERT” gate. 
Atpg/PpF = +1.0 ns pF typ 
Caused by additional capacitance 
at expansion points. 





APPLICATION: EXPANDABLE 2-WIDE 2-INPUT AND-OR-INVERT GATE 
WITH A DUAL 4-INPUT EXPANDER CONNECTED 


EXPANDER 
MC3030 


COO WNW 


Positive Logic: 
8=(9e10)+(130¢1)+(13e1¢ 203) +(40e50e6 8) 


eye NS 


Expandable Gate Expander 


EXPANDABLE 
GATE 
MC3020 
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EClL-v 





ELECTRICAL CHARACTERISTICS Collseton 


~—-¥12 

Test procedures are shown for only one kat 

expander. The other expander is tested in @Test 

a similar manner. Further, test procedures ae Temperature 





On=0 






TEST CURRENT/ VOLTAGE VALUES 
| mA 


a a 

hi fi i i it of th - a 

See cons ae Ga oc[ so | - | - [as[soloafroofan] of as] - [aolas [as | 

Sequence through remaining inputs. = sas [eo [eo [0 [as[eolasfosmfacs[ ref ir] a0 [so] as | 5s | 
smsc[oo | - [ - [esl solos fonsjos| xe] os] - [sol as pos] 


MC3030 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: 


Fae rth Peer] ow |e Le Le [ele] [Yelm] Yo] % [¥en [vee [en | 


eae | mee 
13 
a eee 
Se a a dO Ee Ge IL 
oleae GB Nal a el a a st a 


Foes ut 

out Voltage - 1.41 Vdc 

ee ical a Dace He ae te ee = rad a 
SSE SeS GGL sans 


Power Requirements 

(Total Device) 1,2,3,4,5, 
Maximum Power mAdc 6 7,8,13 
Supply Current y 
Power Suppl: ae mAdc 1,2,3,4,5, 
Perper} pe hee eae 


* Ground inputs to caer not under test aoe ae co 
** The inputs to both gates are ungrounded. 








OOnE 





















Characteristic 











In; 
Forward Current 










































(panui1u0s) OEOEDIN 


PRF = 1.0 MHz typ 






DUAL 3-INPUT 3-OUTPUT “AND” 
SERIES TERMINATED 
LINE DRIVER 


MC3028 


1/2 OF CIRCUIT SHOWN 





SWITCHING TIME TEST CIRCUIT 


3.5V 


ap 


PW = 100 ns 
t=5.54+0.5 ns 
te= 5.54 0.5 ns 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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1/4 MC3000 





MTTL II! MC3000 series 





This device is a dual 3-input/3-output series-terminated 
AND line driver that minimizes switching transients on long 
lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 50 to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


5 
1 
2 6 
3 

4 

9 
11 
12 8 
13 

10 


Positive Logic: 4,5,6,=1-°-2:°3 
Negative Logic: 4,5,6,=1+2+3 


Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 & 8) = 
10 minus the number of resistor-terminated outputs 
being used. 


Output Loading Factor, Resistors (Pins 4,5, 9, & 10) =1 


Total Power Dissipation = 56 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 


VOLTAGE WAVEFORMS AND DEFINITIONS 


GND 
tpavo” 


toga" 


TPout 
+1.5V 





GCL-v 


ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
line driver. The other line driver is tested 
in the same manner. Further, test proce- 
dures are shown for only one input of the 
line driver being tested. To complete test- 
ing, sequence through remaining inputs. 


ons 


11 
42 
13 


on Oo 







Characteristic 


Input 
Forward Current 


Leakage Current 


Breakdown Voltage 


Clamp Voltage 


Output 
Output Voltage 


Under 


@Test 
Temperature 
orc 
+25°C 
+75°C 








MC3028 Test Limits 








TEST CURRENT/ VOLTAGE VALUES 

























-0.1 


lon c 
0.1 








Va 


ha 


Vin 


2.0 


Ve 





0.1 


-0.1 





10] 1.1 





hate 






















0.1 


-0.1 a a 0.9 





0.4 














1.8 




















+25°C 








TEST CURRENT / VOLTAGE APPLIED TO PINS LIST 





























Power Requirements 
(Total Device) 

Maximum Power 

Supply Current 











Power Supply Drain| 









Switching 
Parameters 
Turn-On Delay 


Turn-Off Delay 








‘gan 









































*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates 


not under test to Veu- 
































































z 1,2,3,7 
11, 12, 13 


Benne 
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DUAL 3-INPUT 3-OUTPUT MTTL Il MC3000 series 
“NAND” SERIES TERMINATED 





LINE DRIVER 
MC3029 


This device is a dual 3-input/3-output series-terminated 
NAND line driver that minimizes switching transients on long 
1/2 OF CIRCUIT SHOWN lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 50 to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


5 
1 
2 6 
3 

4 

9 
11 
12 3 
13 

10 


Positive Logic: 4,5,6=1°2¢3 
Negative Logic: 4,5,6=1+2+3 


Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 and 8) = 
10 Minus The Number of Resistor-Terminated Outputs 
Being Used. 

Output Loading Factor, Resistors (Pins 4, 5, 9 and 10) = 1 


Total Power Dissipation = 44 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 





SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS 


tr tf 
5.5+0.5ns 5540.5 ns 


950 + 1.0% 


3.5V r] TPin 
ov 


tea”o”’ toa1"" 


PRF = 1.0 MHz typ . tT 1/4 MC3000 
PW = 100 ns 

t= 5.54 0.5 ns 

t¢= 5.5 + 0.5 ns 


TPout 





*Tne coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes 
probe, wiring, and load capacitances. 
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ELECTRICAL CHARACTERISTICS 


Test procedures are shown for only one 
line driver. The other line driver is tested 
in the same manner. Further, test proce- 
cures are shown for only one input of the 
line driver under test. To complete testing 
sequence through remaining inputs. 





<< I Kaas es 


la Aa 


oe ae Yous Be 
eee 








Short-Circuit 
ae 
Power Requirements| 

(Total Device) 


Maximum Power 
Supply Current 





TEST CURRENT/ VOLTAGE VALUES 











| = [arfeofoaT as [40 7 - [sofas [ss [7 
[a1 [ 1.8 | 2.5 4.0 



































Power Supply Drain} 











‘pao 


Turn-Off Delay toareas 


*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test. 






































. 
11, 12, 13 
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me | 


“AND” J-K FLIP-FLOP 


MTTL II} MC3000 series 





MC3050 


This J-K flip-flop triggers on the positive edge of the clock. An 
AND input gating configuration formed by three J inputs AN Ded to- 
gether and three K inputs ANDed together, minimizes the require- 
ments for external gating. The enable input (JK) consists of a J and 
a K input internally connected together: This input provides gating 
for the J and K inputs or an additional logic input for use in counters 
or other applications. A direct SET and RESET are provided to per- 
mit presetting data, such as initial conditions into the flip-flop. The 
direct SET and RESET fully override the clock; i.e., the direct SET 
and RESET control the operation of the flip-flop regardless of the 
state of the clock. 


LOGIC DIAGRAM 


RESET 





J=J51-J2.453- SK 
K=K1-K2.K3.JK 


TRUTH TABLE 
[xan [ons] 





‘BI 
0 








o 
° 
° 
1 
1 
1 
1 


o 


a 


1 
° 
1 
° 
1 
° 
1 


“Information may be applied to, or changed at the J and K inputs 
any time in aclock cycle, except during the interval of time between 
the Set-up and Hold times. The inputs are inhibited when the clock 
is high; data is entered into the input steering section of the flip-flop 
when the clock goes low. The input steering section of the flip-flop 
continually reflects the input state when the clock is low. Data pre- 
sent during the time interval between the Set-up and Hold times is 
transferred to the bistable section on the positive edge of the clock 
and the outputs OQ and Q respond accordingly. The flip-flop can be 
set or reset directly by applying the high state to the SET or RESET 
inputs. 


Input Loading Factors: 
J, K, SET, RESET = 0.6 
CLOCK, JK = 1.2 


Output Loading Factor = 10 


. Typical Characteristics (Vcc = 5.0 V, Ta = 25°C) 


Total Power Dissipation = 80 mW/pkg 
Toggle Frequency = 40 MHz 
Logical ‘’1'' Setup Time = 10 ns 
Logical ‘‘0’' Setup Time = 5.0 ns 
| Logical ‘1°’ and ‘‘0"" Hold Time = 5.0 ns 
o toad “ov =1 2ns 

tod oq =14ns 
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MC3050 (continued) 


OPERATING CHARACTERISTICS 





High state data must be present 17 ns prior to the rise of the clock and remain 5.0 ns after the 
clock signal rises. 


Positive edge triggering: When the clock goes from the low state to the high state, the informa 
tion in the input steering section is transferred to the bistable section. 

The direct SET and RESET inputs may be used any time, regardless of the state of the clock. 
If these inputs are not used THEY MUST BE TIED TO GROUND. 


Unused Inputs: 


JK input MUST be in the high state to enable the clocked inputs. When the JK input is not used, 
it should be tied to a voltage between 2.0 and 5.5 Vdc. 


Unused J inputs should be tied to used J inputs, the used JK input, G, or a voltage between 2.0 
and 5.5 Vdc. 


Unused K inputs should be tied to used K inputs, the used JK input, Q, or a voltage between 2.0 
and 5.5 Vdc. 


Unused SET and RESET inputs MUST be tied to ground. 


FIGURE 1 — MAXIMUM CLOCK FREQUENCY TEST CIRCUIT 





O Vinx = +2.5 Vde 


$50 +1.0% 
+3.5 V—- 
ocd Ua ta 
TPin 


tp = 5.5 +0.5 ns 
te = 5.5 +0.5 ns 50 


Maximum Clock = 
Frequency = 25 MHz min 


*The coax delays from input to scope and output to scope 
must be matched. The scope must be terminated in 50-ohm 
impedance. The 950-ohm resistor and the scope termination 
impedance constitute a 20:1 attenuator probe. Coax shall 
be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which 
includes probe, wiring, and load capacitances. 


WAVEFORMS AND DEFINITIONS 


3.5 V— 


Taw Ge vf fee ff ff 
ov 
TPout | | | 
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OEL-7 


ELECTRICAL 
CHARACTERISTICS SET 


9 
4 
23 J abs TEST CURRENT/VOLTAGE VALUES 
J1 2 @ 
ee SAT REE: Volts 
1 







eee 2 Sees ee 
ae ya Tanase ou Yon ta] Pn] Me [aed Me he Yon Dawe Yee Yr eon 
6 = Ye ate ofa | 20 |-[-|-[it}ecfodasy ao | a CR 
K3 12 1 [1 












is 
Pin | _MC3050 Test Limits _| Test _Limits Ie eT APPLIED TO PINS LISTED BELOW: 
Under| 9 
Characteristic | Symbol Tost [i Mu [Yn | Ye [Ve] Yen [nse Yee] Voo | Yee 


Input 
Forward Current | 5 ' 5 ri 5 “7 1,3,4, | % { 13 
1,2,4, 
1,2,3, 
1 -1.5 a a 1, Loe. 
1, 
aa 
' ier. 


eel a tare 
Se 


wee 

eR 
Blan 

rea) 


sid, 
,10, 
10,1 
















oe ee fete t other that 
BREW BERBERA: M@nAA 
nef Pel Pel Pf] TI [2 fasmaoad [| 





= SEE EE ESSE pe aa 
Ee Oc 
PEPE PEED PEER | 
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LEL-v 


ELECTRICAL 
CHARACTERISTICS (continued) 


TEST CURRENT/VOLTAGE VALUES 











Gis mh Pe WN eee 
T 
Tempera ee Me Ha alin Pe ae 


orc] 23 | Y-[ - [| - [2] 
+25°C pa teste eet teeter ey 
+7sc[ 23 | 20 [-| - [-foelfiefosfas[ 40  [ - [sofas | 55 | 


Pin |____MC3050 Test Limits | TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


daselois || Goaal rae = ais esl os Piao [ [half Me Pel 
pial Voltage 


Breakdown Voltage Vde ATT 
Short-Circuit eurecth: eee | -100 mAdc 
-100 mAdc 


‘ower Requirements 

(Total Device) 

Maximum Power mAdc 1,5,7,13 
Supply Current _ 


pee ee ee pes [a 





















4 
poem rns 








Output 
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MC3050 (continued) 


OPERATING CHARACTERISTICS (continued) 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT 
(For J inputs and RESET input; to test other inputs, refer to Test Procedures Chart) 


Letter designations 
refer to waveforms 
shown below: 


950 +1.0% 


PULSE 
GENERATOR 


PREF = 1.0 MHz typ 
t, = 5.5 +0.5 ns 


te = 5.5 +0.5 ns 


Three pulse generators are required and 
must be slaved together to provide the: 
waveforms shown. 


OVinx = +2.5 Vde 


950 
£1.0% %mc3000 


*The coax delays from input to scope and output to scope must be matched. The 
scope must be terminated in 50-ohm impedance. The 950-ohm resistor and the scope 
termination impedance constitute a 20:1 attenuator probe. Coax shall be CT-070-50 


or equivalent. 


Cry = 25 pF = total parasitic capacitance, which includes probe, wiring, and load capa- 


citances. 





VOLTAGE WAVEFORMS AND DEFINITIONS 


1.5V 


(Must be used on all tests) 


TEST PROCEDURES CHART 





| TEST 


INPUT 





set** [ reset" [| K™* 








—— 
tse" 





tHold "1" J 








tset “oJ 





aoa 
tset “0” Set "1 





tHold “0” tHold “1” 








tget "0" 


2z25V 





tHold “0” K 


225V 








tpd 1" 
1.5V 


Delay from clock to Q during tget 4" J test. 
Delay from clock to O during tget “1” K test. 





Delay from clock to G during tgg¢ +7" y test. 
Delay from clock to Q during tget 4" K test. 





i aa 
ted 4" , : tsa “0” 
G 3.5V 
' 1.5V ays 
ov 


tsa "0" 
LW 





! 
| 
| 
i 
i 
' 





Delay from SET to Q during tgot 4" K test. 
Delay from RESET to G during tget +4" 3 test. 


Delay fromm SET to G during tget "1" K test. 
Delay fram RESET to Q during tget "4" J test. 





** Letters shown in these columns refer to waveforms at the left. 
tpd “0” tg qr ttHold is typically a negative number. 
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“AND” INPUT JJ-KK 
FLIP-FLOP 


MTTL II! MC3000 series 





MC3052 


The MC3052 is a master-slave J-K flip-flop that triggers on the 
positive edge of the clock. The flip-flop has an AND input configu- 
ration consisting of two J-inputs anda Sinput ANDed together and 
two K-inputs and a K-input ANDed together. An enable input (JK) 
is also provided consisting of an additional J and K input internally 
connected together. This input provides gating in addition to the 
clock for the clocked inputs (J, J, K and K) or an additional logic 
input (JK) for use in counters or certain other applications. A 
direct SET and RESET are provided to enable presetting data into 
the flip-flop such as initial conditions. The direct SET and RESET 
control the operation of the flip-flop regardless of the state of the 
clock. 


LOGIC DIAGRAM 


SET 

















Information is normally applied to, or changed at, the clocked 
inputs while the clock is in the high state, since the inputs are inhi- 
bited under this condition. Information may be stored in the 
master flip-flop section when the clock goes low. Once input data 
has been stored in the master flip-flop section it cannot be removed 
(or changed) by means of the clocked inputs. The direct SET or 
RESET provide the only means of removing previously stored in- 
formation. The state of the master flip-flop is transferred to the 
slave flip-flop section on the positive transition of the clock and 
the outputs respond accordingly. The flip-flop can be set or reset 
directly by applying the low state to the direct SET or RESET 
inputs. 


Input Loading Factors: 
JK=1.3 
J, K, CLOCK = 0.6 * 
SET, RESET = 2.0 


Output Loading Factor = 10 


Typical Characteristics: 
(Voc =5.0 V; Ta = 25°C) 
. : Total Power Dissipation = 75 mW/pkg 
K2-K3-JK Toggle Frequency = 40 MHz 
On] Ons Logical ‘1’ Setup Time = 10 ns 
Logical ‘’O" Hold Time = 8.0 ns 
tod 0" = 20 ns 








tog 17 = 12 ns 














Feat 


(Pe oey] 


Bearcecea 
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vEL-v 


ELECTRICAL 
CHARACTERISTICS 










és 
Po mA—“(“‘ié‘*rS ts st twtt—“‘CSCSCsOY 
Temparature| fox] ton | [2m [> [Yu] Yor] ¥e] Ye | Youu Vee] 


i eae 
— orc] 23 | -20 | - | - [-[ai[2ofosfas[ so | - [sof 45] 55 | 
jee +25°C{_23 | -2.0 [1.0] 2.0 [-10/ 1.1] 1.8 [o4[ 25 [40 [7.0 [5.0 45 [5.5 | 
= +c 23 [| -20 [- | - [-[osfrefoafas[ 40 | - [sof 4s [5s | 
Pin TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


Under +25°C +75°C 
Soest a Mo Win Mar Ut | Tox [ Yow [oe [2s [0 [%a [Yor [¥] Ya | Yon [alee Yoa Mec 
-1.5 |mAde 14 5,7,9,13 
-1.5 | mAde ia 14 5,7,9,13 
mAdc 14 = aa 
el mAdc aS 14 = aa 39,10 
alice ee eee eee fie eee bese oe rl ee ee ee 
| % Se aE 2 ee eee 
eS Wa GE cco a ee a Dt Pe ee 
[SOE ca sc sc RO a BH a geraiens 
eae eae Cee |e ee ee a el liao LS ee | eel ne Sa} 
ee 


Leakage Current 80 80 80 | wAdc 
> - 80 80 80 “ 
80 3 
80 11 
Pa IE ue Pt ie Sy 
Ee i 
fa Oe psp pe epee eee 
aoe ceils hele ee eae 


*Pulse is used to set flip-flop in desired state. Py = ies eas (a 4.0 V (VRH) 
ov 














Characteristic 
Input 


Forward Current 











































iol | - | 3,4,6,7,8,11,12 
| - [4 fe] 3,5,7,11 
ae 
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GEL-v 


ELECTRICAL 





CHARACTERISTICS (continued) 


Characteristic 
Breakdown Voltage 


Clamp Voltage 


Output 
Output Voltage 


Power Requirements 
(Total Device) 


Maximum Power 
Current 


*Pulse is used to set flip-flop in desired state. Py a a is 


TEST CURRENT/VOLTAGE VALUES 

































































2,5,9,10,13 
1,4,10,12,13 
1,2,3,5,11 




















1,2,7,12 
1,2,4,7 
1,7,11,13 
1,3,7,13 
3,4,6,7,8,11,12 
3,5,7,11 
4,7,10,12 
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MC3052 (continued) 


OPERATING CHARACTERISTICS 





Data should be present prior to the negative clock transition. If data is changed from a “1"' to a “0” 
while the clock is in the low state, the flip-flop will not recognize this new data state. 


The application of a low level to the SET input sets OQ high and low level on the RESET input resets 
Q low. These functions may be performed at any time without regard to the clock area. 


Positive edge triggering — When the clock goes from the low to the high state, the information 
stored in the master flip-flop section is transferred to the slave flip-flop section thus appearing at the 
outputs. When the clock is in the high State, the inputs are inhibited. 


Unused J, K, and JK inputs should be tied together with used inputs, to the internally connected 
output, or to. a voltage between 2.0 and 5.5 Vdc. The unused Jand Ki inputs must be tied to ground. 
The unused SET and RESET inputs should be tied to a voltage between 2.0 and 5.5 Vdc. 


FIGURE 1 — MAXIMUM CLOCK FREQUENCY TEST CIRCUIT 


O Vinx = +2.5 Vde 


t, = 5.5 +0.5 ns 
tp = 5.5 +0.5 ns 


Maximum Clock 
Frequency = 25 MHz 


*The coax delays from input to scope and output to scope must be 
matched. The scope must be terminated in 50-ohm impedance. 
The 950-ohm resistor and the scope termination impedance con- 
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or 
equivalent. 


Cr = 25 pF = total parasitic capacitance, which includes probe, 
wiring, and load capacitances. 


WAVEFORMS AND DEFINITIONS 


3.5 Vv— - 
Tine? v— ffs of —f — ff — 
ov 
TPout | | | 
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MC3052 (continued) 


OPERATING CHARACTERISTICS (continued) 


FIGURE 2 — SWITCHING TIME TEST CIRCUIT 
(For J inputs and RESET input; to test other inputs, refer to Test Procedures Chart) 


O Vinx = +2.5 Vde 


Letter designations 
refer to waveforms 
shown below: 


950 +1.0% 


PULSE 
GENERATOR 


PRF = 1.0 MHz typ 
ty = 5.5 £0.5 ns 
te = 5.5 +0.5 ns 





Three pulse generators are required and 
must be slaved together to provide the 
waveforms shown. 


*The coax delays from input to scope and output to scope must be Cy = 25 pF = total parasitic capacitance, which includes probe, 
matched. The scope must be terminated in 50-ohm impedance. wiring, and load capacitances. 
The 950-ohm resistor and the scope termination impedance con- 
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or 
equivalent. 





VOLTAGE WAVEFORMS AND DEFINITIONS 


30 nso 
A3.5V 
1.5V 
av 


CLOCK! 
(Must be used on all tests) 


TEST PROCEDURES CHART 





INPUT 





SET’ [ RESET* 


v F 
v F soav l22sv 
25 
| 5 . 
| F ! 
F F 











2 
2 


thold “0” 





tser“"1" 





5 
5 
Fe 
F 


v 
tHold "0" 25V 








25V 
25Vv 25V 





F 2sv | 25Vv s 


























F | 28¥ 25 22sv |soav 





Delay from clock to Q during tex "71" 5 test. 
Delay from clock to @ during tggy +4" K test. 





Delay from clock to G during tger 4" y test. 
Delay from clock to Q during tget 4" K test. 











Delay trom SET to O during tgge 4+" K test. 
Delay trom RESET to G during tgeq "4" 4 test. 





Dolay from SET to G during tgex "1" K test. 
Delay trom RESET to Q during tge “1” 4 test. 














* Letters shown in these columns refer to waveforms. 


tsa 4" 
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MTTL I!!! MC3000 series 


DUAL TYPE D FLIP-FLOP 


MC3060 





The MC3060 dual flip-flop triggers on the positive 
1/2 OF DEVICE SHOWN : edge of the clock and performs the Type D flip-flop 
logic function. This device consists of. two completely 
independent Type D flip-flops, both having direct SET 
and RESET inputs for asynchronous operations such as 
parallel data entry in shift register applications. 


Information may be applied to, or changed at, the 
D inputs any time during the clock cycle except during 
the time interval between the Set-up and Hold times. 
The clocked inputs are inhibited when the clock is 
high and data may be applied to the input steering 
section of the flip-flop when the clock goes low. The 
input steering section continually reflects the input 
state being applied when the clock is low. The infor- 
mation present at the inputs during the time interval 
between the Set-up and Hold times is transferred to 
the bistable section on the positive edge of the clock, 
and the outputs Q and © respond accordingly. 


The flip-flop can also be set or reset directly at any 
time, regardless of the state of the clock, by applying 
a low state to the direct SET or RESET inputs. 


TRUTH TABLE 


[ofan] ants 


anti=pn 








Input Loading Factors: 
SET=1.0 


% OF DEVICE SHOWN Beone. i 


D=0.6 


Output Loading Factor = 10 


Typical Characteristics: (Vcc =5.0 V,TA= 25°C) 


Total Power Dissipation = 120 mW/pkg 
Toggle Frequency = 30 MHz 

Logical *’1'’ Setup Time = 10 ns 

Logical ‘‘0’ Setup Time = 5.0 ns 

Logical ‘*1’’ and ‘0’ Hold Times = 5.0 ns 
tod "0" = 17 ns . 

tog 1" = 15 ns 
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6EL-P 


the same manner. 








Characteristic 









Input 
Forward Current 





Leakage Current 


Breakdown Voltage 





Clamp Voltage 


Output 
Output Voltage 


ELECTRICAL CHARACTERISTICS SET. 4 
Test procedures are shown for only one Db 2 5 
flip-flop. The other flip-flop is tested in cCLocK 3 6 
RESET 1 @ 
SET 10 Test 
D4 9 Temperature 
CLOCK 11 8 +25°C 
RESET 1 +75°C 











Min| Max | Min] Max] Min | Max| Unit 











Vde 
Vde 








TEST CURRENT/VOLTAGE VALUES 
= 








1.4 Soules te eee 
I IC Fe aC 
Ps Lao} -| | loo fieforfes[ so] —oofue pos] 


TEST CURRENT/ VOLTAGE APPLIED TO PINS LISTED BELOW: 
[tou | tom [tn] 2a | 'o| Yu [Yn] Ye [Ya] Yow |Ymoe] Yee] Yee [Moon] 


etteleed TTL LTT TTT Tee 
Ge eS sn 
Ee se al a 
eet EEE 
pel Pe el EE on 
er aes 





























Short-Circuit Current 


Power Requirements 
(Total Device) 

Maximum Power 

Supply Current 










-60 mAdc 
-60 mAde 


a SN ee 


* Pulse is used to set flip-flop in desired state. Py = 





Vde 
Vde 


4.0 V(VRH) 
—OovV 


. If pin is also in another column, the pin must be returned to that voltage or current for measurement. 


































3,4,7,10,11 
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MC3060 (continued) 


SWITCHING TIME TEST CIRCUIT 


Letter designations 
refer to waveforms 
shown below: 


OPERATING CHARACTERISTICS 





COAX* 


Data must be present 15 ns prior to the rise of the 
clock and remain 5.0 ns after the clock signal rises. 950 +1.0% 


The direct SET and RESET inputs may be used at 


any time as they completely override the clock. PULSE 
GENERATOR 


+1.0% %MmcC3000 


Positive edge triggering: When the clock goes from 
the low to the high state, the information in the in- 
put steering section is transferred to the bistable 
section. 


PRF = 1.0 MHz typ 
t, = 5.5 40.5 ns 


te = 5.5 40.5 ns 
Unused inputs should be tied to a voltage between 
2.0 and 5.5 Vde. Three pulse generators are required and 
must be slaved together to provide the 
waveforms shown. 


*The coax delays from input to scope and output to scope must be 
matched. The scope must be terminated in 50-ohm impedance. 
The 950-ohm resistor and the scope termination impedance con- 
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or 
equivalent. 


Cry = 25 pF = total parasitic capacitance, which includes probe, 
wiring, and load capacitances. 





VOLTAGE WAVEFORMS AND DEFINITIONS 


















































Delay from clock to G during 
tset "1" © test. 


A35V 1.5V TEST PROCEDURES CHART 
ov 
CLOCK! 
(Must be used on all tests) INPUT a LIMITS (ns) 
—__——| go . 
TEST D* | SeT* [ RESET* Min | Max 
s tset“1"" G H - 15 
tHold “1” co | H| - | 50 
tset “0” H | G - 15 
tHold “0” 5 H | G | - | 50 
—} 
Delay from clock to Q during 
Tset "1" p test. 
toa 4" 
aa Delay from clock to @ during 19S | Fe: 
tset “0” test. 
; — 
f Delay from clock to Q during 
i tset “0” D test. 
T tpd “0” 10 25 
30 nsf 
| 
























Delay from RESET to Q during 
tget "1" p test. 








f——— 500 ns 30 n: 
F 3.5V: Delay from SET to Q during 
7 | 1.5V tset “0” D test. 
v +t 1 tara eee Ris 8.0 | 20 
7 | i Delay from RESET to G during 
pd "1"" ted “O"” tset "1" D test. 
G3.5V 
| 1.5V Delay from SET to G during 
Ov ' } tset 0" p test. 
H tsa "0" 5.0 | 20 
| 


1.5V 















tod “9” tsa 4" Letters shown in these columns refer to waveforms at left. 
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DUAL J-K FLIP-FLOP 


MTTL II MC3000 series 





MC3061 


The MC3061 dual JK flip-flop triggers on the negative edge of 
the clock. Each flip-flop is provided with a separate direct SET in- 
put in addition to the common direct RESET input. These direct 
inputs provide a means of resetting a group of flip-flops such as a 
register which may be followed by the presetting of a data pattern. 
The clock input for this device is common for both flip-flops, 
making it particularly useful in registers or other common clock 
applications, 

Data may be applied to or changed at, the clocked inputs at any 
time during the clock cycle, except during the time interval between 


LOGIC DIAGRAM 


1/2 OF DEVICE SHOWN, 
RESET AND CLOCK COMMON TO BOTH 


IES 


Output Loading Factor = 10 
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Input L ing F i 
perl sorore Logical ‘’1'’ Setup Time = 8.0 ns 
RESET, CLOCK = 3.2 


J, K = 0.6 


the Setup and Hold times. The inputs are inhibited when the clock 
is low and enabled when the clock rises. The input steering network 
continuously responds to input information when the clock is high. 
The data state at the inputs throughout the interval between the Set- 
up and Hold time is stored in the flip-flop when the clock falls. Each 
flip-flop may be set at any time without regard to the clock state by 
applying a low level to the SET input. In addition, both flip-flops 


may be reset simultaneously by using the common RESET in a 
similar manner. 


J-K TRUTH TABLE 
[+] «]or] ant} 
ojo 


Typical Characteristics 
(Voc = 5.0 V; Ta = 25°C) 


Total Power Dissipation = 100 mW/pkg 
Toggle Frequency = 50 MHz . 


Logical ‘’0’’ Setup Time = 8.0 ns 
Logical **1"’ and ‘‘0’’ Hold Times = Ons 
tod 0" = 12ns 

tod sqees 12ns 


1/2 OF CIRCUIT 
SHOWN (RESET AND CLOCK 
COMMON TO BOTH) 





crl-v 


ELECTRICAL CHARACTERISTICS 














TEST CURRENT/VOLTAGE VALUES 





Test procedures are shown for only one sa aaa eee Volts 

etl Sires pero] [ Ta | PAL [WMT [eT Yn en 
flip-flops. To complete testing, sequence shinies 

through the remaining inputs in the same orc| 23 | Fs SEE ae 


manner. 


+25°C eae ayo heater ee [esewien ta 
t7srcf [20] - | - | -foofaefoafasf ao | - [sofes [ss | 


Pin |___MC3061 Test Limits _| TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 
Und 
Test [Min] Max [Min] Max | Min | Max SS GSSBE0EamBn 
ee Boe 


13 

ee 

Pe ee EE ee ie 

Sc ee a 
Bon a 

0 a 

Pep pe| Pan 

bea eisai ealeealee eae Sa a a 

la Pelee 


Esa ,10,13 
10,13 
7,11,13 
»2,7,10,13 
3 ,2,3,4,7,10,11,12 
Clamp Voltage Vdc 
ae 


Output 





















Characteristic 














Input 


Forward Current 


























Leakage Current 



















Breakdown Voltage 


pen 0 


a 
a 
Bren e 












Output Voltage tao 5 7 0.4 | Vde 
Re = 0.4 Vde 
Vo 5 ile 5 Vde = 
6 2.5 Vde 
5 
6 












Power Requirements 
mAdc 
Supply Current 


Short-Circuit Current Iya -60 mAdc 
-60 mAdc 
(Total Device) 
Maximum Power 
eee eee ea 
*Momentarily ground pin prior to taking measurement. (If pin is also in another column, the pin must be returned to that voltage or current for measurement. ) 
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MC3061 (continued) 


OPERATING CHARACTERISTICS 





High state data must be present 12 ns prior to the fall of the clock 
and remain until 0 ns after the clock falls. 

The direct SET (individual) inputs and RESET (common) inputs 
may be used at any time without regard to the clock state. The 
flip-flop is set to the Q = 1 state by applying a low level to the SET 
input or reset to the O = O state by applying a low level to the RESET 
input. If these inputs are not used they should be returned to a volt- 


age between 2.0 and 5.5 Vdc. 

Negative edge triggering — The input state during the time in- 
terval between the Setup and Hold times is stored in the flip-flop 
when the clock goes low. 

Unused clocked inputs should be tied to the clock, to the in- 
ternally connected output, or to a voltage between 2.0 and 5.5 Vdc. 


MAXIMUM CLOCK FREQUENCY TEST CIRCUIT 


Vinx =+2.5 Vde 


950 +1.0% 


aud 


ty = 5.5 40.5 ns 
te = 5.5 40.5 ns 


Maximum Clock 
Frequency = 40 MHz min 


950 +1.0% 
%MC3000 


*The coax delays from input to scope and output to scope must be 
matched. The scope must be terminated in 50-ohm impedance. 
The 950-ohm resistor and the scope termination impedance con- 


stitute a 20:1 attenuator probe. 


equivalent. 


Coax shall be CT-070-50 or 


Cy = 25 pF = total parasitic capacitance, which includes probe, 


wiring, and load capacitances. 


VOLTAGE WAVEFORMS AND DEFINITIONS 








3.5 V— 
TPin 1.5 V {— Ls. ne] 
ov 
TPout | | | 
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MC3061 (continued) 


OPERATING CHARACTERISTICS (continued) 


SWITCHING TIME TEST CIRCUIT 
(For J Inputs‘and RESET Input; to test other inputs, refer to Test Procedures Chart) 





Letter designations 
refer to waveforms 
shown below: 


+1.0% %mc3000 


PULSE 
GENERATOR 


PRE = 1.0 MHz typ 
tp = 5.5 +0.5 ns 
te = 5.5 40.5 ns 


Three pulse generators are required and 
must be slaved together to provide the 
waveforms shown. 


*The coax delays from input to-scope and output to scope must be Cr = 25 pF = total parasitic capacitance, which includes probe, 
matched. The scope must be tefminated in 50-ohm impedance. wiring, and load capacitances. 

The 950-ohm resistor and the scope termination impedance con- 

stitute a 20:1 attenuator probe. Coax shall be’CT-070-50 or 

equivalent. 


VOLTAGE WAVEFORMS AND DEFINITIONS 


30 ns 
TEST PROCEDURES CHART 


1.5V 


CLOCK: 
(Must be used on all tests) 

















F 











25 





25V 





tser“0" 25V 225V 


tHold "0" F 25V € | 225v 


tset "0" —w 
ey Delay from clock to Q during 
tHold “0 coneuaitaties 
Detay from clock to G during 
Sse “1” K teat. 


























Delay from clock to O during 
Tet 1" y test 

Oetey from clock to O during 
tSer "1" K test. 


1.5V 





Delay from SET to Q during 
{ Tset 71" test 


tod 4" tsq “Q" “ae Delay from AESET to & during 
3.5V Tset "1" J test. 
! 1.5V 
0 Vv Delay from SET to G during 
Ryet "17 i ent. 





Detay from RESET to Q during 
fget "1" J test. 














* Letters shown in these columns refer to waveforms shown at the left. 
**trolg is typically » negstive number. 
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DUAL J-K FLIP-FLOP 


MTTL ttt MC3000 series 





MC3062 


The MC3062 dual JK flip-flop triggers on the negative edge of 
the clock. Each flip-flop is provided with a separate direct SET in- 
put. These direct inputs provide a means of presetting the flip-flop 
to initial conditions or other asynchronous operations. 


Data may be applied to or changed at, the clocked inputs at any 
time during the clock cycle, except during the time interval between 


LOGIC DIAGRAM 
1/2 OF DEVICE SHOWN 


Input Loading Factors: 
CLOCK, SET = 1.6 
J,K,=0.6 


Output Loading Factor = 10 


ake. 
ey ey 


ET 

J 
clocK 
K 


the Set-up and Hold times. The inputs are inhibited when the clock 
is low and enabled when the clock rises. The input steering network 
continuously responds to input information when the clock is high. 
The data state at the inputs throughout the interval between Set-up 
and Hold time is stored in the flip-flop when the clack falls. Each 
flip-flop may be set at anytime without regard to the clock state by 
applying a low level to the SET input. 


J-K TRUTH TABLE 


Typical Characteristics: 
(Veg = 5.0 V: Ta = 25°C) 


Total Power Dissipation = 100 mW/pkg 
Toggle Frequency = 50 MHz 

Logical ‘1’ Setup Time = 8.0 ns 
Logical ‘0’ Setup Time = 8.0 ns 
Logical ‘1’ and *’0’’ Hold Times = Ons 
tod "1" = 12 ns 

Tod “0” = 12 ns 


Laas 


1/2 OF DEVICE 
SHOWN 
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9VL-v 


ELECTRICAL CHARACTERISTICS seT 4s 


Test procedures are shown for only one 13 
flip-flop. The other flip-flop is tested in tock @ TEST CURRENT/VOLTAGE VALUES 


the ears manner. 2 (m-« Volts 


eee erie aes 
suf aes Temperature| lou | ow | tn | 2hn| 'o | Ve | Ye | Van | Vine: | Vee [Veer] Veen] 
come ee aes pantaataey = tae Lae pay 


K 12: 


a 

















TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: 


oe ME ep Sete ae Taf 





Characteristic 
Input 


Forward Current 












Leakage Current 


Breakdown Voltage 


Clamp Voltage 









Output 
Output Voltage 





Power Requirements 
(Total Device) 


Maximum Power 
Supply Current 





BBE ie Ree eae 


* Momentarily ground pin prior to taking measurement. (If pin is also in another column the pin must be returned to that voltage or current for measurement. ) 





(panuiu0s) Z9OEDIN 


MC3062 (continued) 


OPERATING CHARACTERISTICS 





The data must be present 12 ns prior to the fall of the clock and re- 
main until O ns after the clock falls. 


The flip-flop is set to the OQ = 1 state by applying a low level to the 
SET input. The direct SET inputs may be used at any time without 
regard to the clock state. If these inputs are not used they should be 
returned to a voltage between 2.0 and 5.5 Vdc. 


Negative edge triggering — The input state during the time interval 
between the Setup and Hold times is stored in the flip-flop when 
the clock goes low. 


Unused clocked inputs should be tied to the clock, to the internally 
connected output, or to a voltage between 2.0 and 5.5 Vdc. 


MAXIMUM CLOCK FREQUENCY TEST CIRCUIT 


COAX* 


950 +1.0% 
+3.5 V 
sv 
ty = 5.5 40.5 ns 
te=5.5 40.5 ns 


Maximum Clock 
Frequency = 40 MHz min 


VIHX 
+2.5 Vde 


950 +1.0% 
%MC3000 





*The coax delays from input to scope and output to scope must be 

matched. The scope must be terminated in 50-ohm impedance. 
The 950-ohm resistor and the scope termination impedance con- 
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or 
equivalent. 


Cyr = 25 pF total parasitic capacitance, which includes probe, 
wiring, and load capacitances. 


VOLTAGE WAVEFORMS AND DEFINITIONS 
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MC3062 (continued) 


OPERATING CHARACTERISTICS (continued) 


SWITCHING TIME TEST CIRCUIT 
(For J Inputs; to test other inputs, refer to Test Procedures Chart) 


Letter designations 
refer to waveforms 


* 
cOA% shown below: 


950 +1.0% 
%MC3000 
950 +1.0% 


PULSE 
GENERATOR 


PRF = 1.0 MHz typ 
ty = 5.5 +0.5 ns 


te = 5.5 +0.5 ns 


Three pulse generators are required and 
must be slaved together to provide the 
waveforms shown. 


*The coax delays from input to scope and output to scope must be 

matched. The scope must be terminated in 50-ohm impedance. 
The 950-ohm resistor and the scope termination impedance con- 
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or 
equivalent. 


Cy = 25 pF = total parasitic capacitance, which includes probe, 
wiring, and load capacitances. 





VOLTAGE WAVEFORMS AND DEFINITIONS 





TEST PROCEDURES CHART 


30 ns 
A 3.5V 


CLOCK, 












































































(Must be used on all tests) INEUT anh ae 
F TEST JP seT* | Ke Max 
B35V 
1.5V tservt 8 25V las s H 15 
Vv ip- 
2 i Tset 1" For J tests, the flip flop tHold “1d e 2sv |2sv 6 H ore 
1 is reset by alternate clock : = 
30 ns Set “0” a Do 25V 25V SsO4V | 22.5 Vv 15 
: pulses. 
C28 tHold "0" ke - 
| 1.5V 25V lasv | soav |225v| 0 
ov = let ‘Set "1" K | Gna Fe B H G 18 
Hold "17" 
30 ns tHold "1" K Gnd F c H G Ore 
Bes tser“o" = K | Gnd F pd | 22svi<oay is 
ov ‘ tHold “0” «| Gnd F & | ezsv|soey or | 
m—tset “0” 
el! tHold “0” Delay from dlock to Q during 
E35V 1 old “0 ae tae 1a 
1 ea Delay from Tock to G during 18 
ev tget "1" K test. 
7 
i Delay from clock to G during 
ft 500 ns 30 ns git HSer "9a. 
F 3.5 Vv. A pee Delay from Taek to Q during ig 
H 1.5V tset "1" test. 
ov t i 
| \ 
t veges. teq 9" tea 40" Delay from SET to Q durin: 
6 3svPd"t sd”-0 ae ape ” 
! | 1.5V 
ov \ = 
I 
1 ; Delay from SET to G during 
H 3.5 V | tsa “0” tiger 11°" K test. 18 
ov 
ted “0” l tsa 4" _baters snow in tees columns refer to waveforms shown atthe lft 
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